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PREFACE

Vibration sensitivity, which appeared as a major shorteomin: o in i
hydraulic svstem monitors in a previous RDT&E 6.2 program, is o0 oo, Ve
parameter to be included in the development ot a procurement spoctt boatfon o

hydraunlic contamination monitors. The report NAEC-GSED-105 (Developrint o o

Procurement Specification for an In-line Contamination Monitoring Unitj propeoe
4 free-standing, two-whecled cart for the contamination monitor:; however, beoan

of a desire to avoid further proliferation of Ground Support Equipment (GSED,
the NAVAIRSYSCOM opted for a test-stand-mounted in-line contamination moniton .
Mounting on a hydraulic test stand requires the monitor to withstand the vibi
tion signature of the test stand making vibration sensitivity of monitors o
critical factor,

This report establishes vibration parameters for contamination monit.ors
which will withstand the vibration levels experienced on the AHT-64 hivdrant i
test stand. In comparison with other current inventory test stands, the AHNT-04
emits the highest levels of vibration because it is a diesel-powcred pump unit.
Vibration tests of the AHT-64 indicate normal vibration amplitude to be 2 € at
a4 criticalt frequency of 360 Hz.

A search of available commercial in-line contamination monitors and sul-
sequent testing of candidate models at the vibration signature levels of the
AHT-64 revealed a monitor which functions with no distortion. The concept
of employing an in-line contamination monitor on a bydraulic test stand is
feasible and vibration sensitivity data for the report NAEC-GSED-105 is c¢stab-
Vished.

Consideration is given to application of the contamination monitor to ¢
AHT-64 test stand. This consideration eramines requirements 1or Uhe phyvsical
packaue, location on the stand, piping, electrical and structural chanves to
Accommodate the monitor package plus incorporates portability Lo aiiow movement
from stand to stand. A listing of drawings affected in the application ol the
monitor to the test stand is included plus a general statement of changes to
these drawings,

This report recommends development of the in-line contamination monitor
concept in its application to the Portable Hydraulic Test Stand. AHT-64.
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I. INTRODUCTION

A. BACKGROUND. NAEC-GSED-105 (reference (a)) established the feasibitity
of an in—line‘hydraulic system contamination monitor to provide a "vu-no wo
type indication of hydraulic fluid particulate contamination for airveratt
hydraulic systems. Vibration sensitivity, indicated as a shortcoming in
NAEC-GSED-105, became a critical factor when the Naval Air Systems Command
(NAVAIRSYSCOM) rejected the tree-standing, two-wheeled cartl concept proposed
for the monitor and opted for an AHT-64 hydraulic test stand (reference (b))
mounted monitor. An in-line monitor thus mounted must withstand the vibration
of the AlIT-64, a diesel powered test stand with a nine-piston axial hydraulic
pump experiencing high levels of vibration.

o

B. OBJECTIVE. This report provides engineering data establishing the

vibration signature of the AHT-64 hydraulic test stand. The report also
provides data indicating the ability of candidate contamination monitors to
operate satisfactorily at the vibration signature levels of the test stand.
Further objectives are the examination of locations on the test stand for

an in-line contamination monitor, selection of the optimum location and inves-
tigation of the various factors involved in the development, fabrication and
application of a monitor package to the test stand. This application objective
is to provide a suitable monitor with simple operation and "go-no go' indir-ation
of hydraulic fluid particulate contamination. The application also c¢xamines the

feasibility of interchange of the monitor package from one test stand to another.

C. APPROACH.

1. In order to fulfill the foregoing objectives, the feasibility for locatl-
ing an in-line monitor on the test stand was investigated. When NAVAIRSYSCOM
opted for a hydraulic test stand mount for the contamination monitor, a3 study
of possible locations on the test stand was initiated. Evaluation of possible
locations on the AHT-64 hydraulic test stand, the selected test vehicle for a
stand-mounted contamination monitor, indicated a rear-mounted monitor location
to be most feasible. Rough sketches of a proposed concept for this location
are included in the body of this report.

2. Examination of requirements to satisfactorily locate the monitor on
the rear of the AHT-64 indicates a modification of the test stand piping,
electrical system and support structure is necessary. Modifications arc
detailed in Section II.

Ref: (a) NAVAIRENGCEN Technical Report NAEC-GSED-1u5 of 14 Jun 1977:
Development of a Procurement Specification for an In-line

o Contamination Monitoring Unit, Final Report (Prepared by

V J.J. Coyle for NAVAIRENGCEN).

(b) NAVAIRSYSCOM Technical Manual NAVAIR 17-15BF-66 of 1 Nov 1977:
Portable Hydraulic Test Stand, Diesel Engine Driven, Operation
and Maintenance Instructions with Illustrated Parts Breakdown
(Teled;ne Sprague Engineering).
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3. A literature search of available commercial particle contamination
monitors was conducted and characteristics compared and evaluated. Support
reauirements for these monitors revealed the necessity for providing a motor
pump nnit, an inverter to provide 120 VAC of sufficient wattage to power both
metor pump unit and monitor, and a debubbler to extract entrained air from
the return line of the aircraft prior to passage through the monitor traunsducer
O SeNsor.

4. With required components established, selection and packaging of
these components in a minimum size package was investigated. Component
arrangement was developed, and a package design concept formulated. A
listing of primary components of the monitor package is as follows:

a. Transducer

h. Electronic Signal Analyzer
¢. Hydraulic 0il Pump

d. Electric Motor

e, 28 VDC to 120 VAC Inverter
t. Debubbler Unit

Assembling these components into a package 18 inches wide by 18 inches high
bv 12 inches deep appears feasible. Figure 1 is a representation of the
contumination monitor concept as applied to the rear location of the AHT-64
hvdraulic test stand.

5. The package concept requires hydraulic quick-disconnect type fittings
and flexible l.hses and an electrical harness with Cannon-type connectors in
crvdr to be readily removed and reconnected to another test stand. All of the
~i= primiry components are contained within the 18" x 18" x 12" package.

a. External hydraulic connections to disconnects on the test stand,
whivh ¢ffect a bypass from the return line from the aircraft (within the
piping in the stand directly behind the suction return connection port) to

the pickage oil pump, thence through the debubbler, to the transducer, and
then return through flexible hose to the test-stand disconnect and into the
roturn line downstream from the pickup point.

b. The external! electrical connections from the contamination monitor
prckape to the test stand employ flexible cable with Cannon plugs on each end.
Thi- cable brings in the 28 VDC from the test-stand altenator to the inverter,

the 120 VAC output of which operates the transducer light source, electrcnic
signa! analyzer, and the pump motor. An output signal from the signal analyzer
nperates a "'go-no go' indicator light when desired hydraulic decontamination
tovel is achieved. The "on-off{" switch for the monitor and the ''go-no go" light
mav cither be located adjacent to each other on the test-stand control panel or

olwowhere within clear view of the operator. Both 'on-off switch and '"go-no go"
‘1.t may be mounted directly on the monitoi package as long as the view path
and aceess is clear from the test-stand control panel.,

-y e .y e s [ ] — sunm— - - L ] -_— - e — —— A
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6. A search of available oil contamination monitors adaptable to in-line
monitoring has been made and a tabulation compiled indicating features such
4s size, weight, adaptzbility for this application, estimated cost per unit
and chron togical data. Discussions of the various monitors appear in
Section 11 ard brochures of specifications for each are included in Appendix A.
The candidate in-line monitors from Table [, Page 12, have individually
varving characteristics. Generally, they are sensitive to entrained particu-
late contaminants ranying on the small end of the scale between 10.0 and 0.5
microns, sense entrained aiv as particulates, and because they use light
attenwition and reflection as a means of measure, do not provide a good
indication of the presence of water in the oil-based fluids. Monitors
having very small flow passages in the sensing area of the transducer are
cubject to blockage by large particles and require reverse {low capability
to clear the transducer. For this reason, only those monitors capable of
exceeding a minimum flow rate of 3 gpm through the transducer appear to be
sultable for the "go-no go" type indication and for providing the relatively
low maintenance desired. The Mean Time Between Failures (MTBF) due to
contaminants in transducers is unknown and would need to be determined for
the candidate monitors selected.

7. Resolution of the critical factor of vibration sensitivity raised
in NAEC-GSED-105 has been accomplished by a two-step effort. These inves-~
tipative steps are detailed in Section 1T.

a. The first step, determination of the vibration signature of the
cquipment on which the in-line monitor is to be mounted, has been established
aud js reported in Appendix B. The AHT-64 hydraulic test stand, during
operation, has a normal amplitude of 2 G at a critical frequency of 360 Hz
as determined by test.

b. With vibration levels of the test-stand platform for a monitor
established, the second step required is to find a monitor capable of sat-
isfactory operation in such a vibrational environment. An in-line contami-
nation monitor has been found which does operate satisfactorily in the
AHT~H4 vibration environment. A test report of this determination is included
in Appendix C.

L ]
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I[I. EQUIPMENT AND PROCEDURES

A. LOCATION OF MONITOR ON AHT-64 TEST STAND. Subsequent to a NAVAIRSY:OM

decision to locace a contamination monitor on the AHT-64 hydraulic test stand,
occasioned by a desire to avoid proliferation of Ground Support Equipment (554
in aircraft environments, investigation into location possibilities tor a
typical monitor package revealed five possible Jocations on the test stand:

three on the top, one aft within the hose stowage area, and one below between
the fork pockets in a heavy steel enclosure,

}.  TOP LOCATIONS. The three top locations were e¢liminated primarily
because of the undesirable feature of added height to the test stand but also
because of structural complexity required to provide adequate support, plus

the disadvantage of rclatively long hydraulic lines through areas wherc the
lines will hamper maintenance. For some models of the available contaminat i:n
monitors, hydraulic lines must be as short as possible because monitor response

lags with increase of line length.

2. BETWEEN FORK POCKETS LOCATION. Investigation of the spacc between *he
fork pockets eliminated same as a location for a monitor for the following
reasons:

a. Insufficient depth to accommodate components of the monitor
package.

b. Vulnerability to fork tines even with a relatively heavy
steel (losure to the monitor package space between the test-stand {ork pockets.

c¢. 1If sealed against road dirt and water, heat dissipation of
motor, pump, inverter and electronics would be a problem.

d. Difficult access to the monitor for maintenance.

e. Such a location would greatly impair ease of transfer of the
monitor to another test stand.

3. REAR PANEL LOCATTON

4. The location aft within the hose stowage area is most advantageous
for the following reasons:

(1) Easy access to the monitor package.

(2) Easily mounted onto aft pipe frame and bedplate of trailer
chassis.

(3) Readily configured for short hose quick disconnects ot botl
hydraulic and electric lines, thus simplifying the change kit for adapting
AHT-64 stands to receive a contamination monitor.

(4) The high visibility of this location from the operator's
position at the control panel allows both "on-off" switch for the menitor
and the "go-no go"
directly on the contamination monitor package.

9

light indication of state of o0il decontamination to be mounted
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b. A disadvantage appears for this rear location - vulnerability to
damage by having the monitor package extend aft beyond the chassis of the
test stand. This disadvantage may be resolved by either extension bumpers in
the area of each rear tie-down ring or by stiffening all support structure

members for the monitor package. The extension bumpers appear to be the most
feasible resolution,

B. INVESTIGATION OF AVAILABLE MONITORS.

L. MONITOR SEARCH. A search of available particle contamination monitors
revealed eight companies that produce monitors of varying degrees of applica-
bility for contaminant monitoring on hydraulic test stands. Of these, two

monitors were actually subjected to tests and only one of these operated
satisfactorily.

a. Cost Range, Volume and Weight. Known costs of monitors inves-
tigated ranged from a low of $3,500.00 to a high of $17,000.00. There is
also a rather large variance in the size and weight, the smallest and lightest

of these with a volume and weight of 0.37 cubic foot and 10.5 pounds respectively.

The other extreme is over 12 cubic feet and approximately 150 pounds and has
the highest cost. Because of a desire to assemble the smallest possible con-
tamination monitor package, only those units on the low end of the size scale
were tested.

b. Equipment Presentations. Representatives of the following monitor
suppliers have brought their equipment to the Naval Air Engineering Center
(NAVAIRENGCEN) 1ind/or discussed the application with NAVAIRENGCEN Support
Fquipment Engineering Department (SEED) and Sanders and Thomas personnel at
the NAVAIRENGCEN: Environment/One Corp.; Leeds and Northrup Co.; Gam Rad, Inc.;
Micro Pure Systems, Inc.; and Millipore Corp.

¢. Monitor Suppliers. The eight monitor suppliers contacted for
data applicability to the AHT-64 are as follows (those who gave equipment
presentations are preceded by an asterisk):

*(1) Environment/One Corp.
2773 Balltown Road, Schenectady, NY 12309
Attn: W. W. Aker (518) 346-6161

*(2) Leeds and Northrup Co., Microtrac Division
Dickerson Road, North Wales, PA 19454
Attn: F. Dempsey/R. Snyder (215) 643-2000

*(3) Gam Rad, Inc.
46101 Grand River, Novi, MI 48050
Attn: W. E. Helke (313) 348-1005

%(4) Micro Pure Systems, Inc.
2 Qakwood Place, Scarsdale, NY 10583
Attn: Tonis Oja (914) 723-0896/(401) 231-9429

(5) HIAC Instrument Division, Pacific Scientific Co.
4719 W. Brooks St., Montclair, CA 91763
Attn: G. Shinbrot (516) 543-1310/(714) 621-3965

10
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(6) Spectrex Corp., 3594 Haven Ave., Redwood City, CA 94063,
Attn: J.M. Hoyte (415) 1365-6567

*(7) Millipore Corp., Ashby Rd., Bedtord, MA 01730

Attn: R.W. Schaefer (R00) 225-1380/(617) 275 9’0”

(8) Rovco Instruments, Inc., 141 Jefterson Drive, Menlo Park, CA
94025, Attn: S.P. LaVallee (617) 891-5320/(415) 325-7811

2. MONITOR PARTICULARS. Table 1 lists the cight contamination monitor
mnnufucturers, phvslxal LhdrdC[ETiS[iFS, model data, cost where known, and
pertinent chronological data relating to the investigation.

4. HIAC Particle Counter Availability. HIAC Instrument Division,

Pacific Scientific Company particle counter PC-120 is owned by NAEC and used
at the Franklin Institute and NAEC Tribology Laboratory. HIAC PC~120 was

made available tor consideration a 't for the test stand application,
Model PC-120 has been replaced by L PC-320 which is readily adaptable
to a "go-no go" type indication of oil contamination.

b. Static Bottled Flui. jpectrex Corporation laser par-
ticle cnunteF_Ygﬂgaﬁyfghred to 1 iinants in bottled fluids (such
as beer), laser scans a static i requires a 15-second cvele.
Spectrex did not appear interest 0 i~mation of their product to suijt
this application, however, did fo ‘iterature on their product.

¢. Extreme Vibration Sensitiv: Royco Instruments Inc. manutac-
ture very sensitive particle counters . _.able for particulates as smal! as

.5 microns, capable of determining parti.le concentrations, and providing
digital readout for simultaneous automatic counting of multiple parti l¢ size
ranges. The Royco unit is extremely sensitive to vibration as cvidenced -
the experience at NAEC in the Tribology Laboratory, and could not Lo adapted
to an AHT-64 mounted monitor package. Vibration sensitivity of the Model 20
required mounting on a vibration isolation table even within the Tribolouv
Laboratory because of structure-borne disturbarce by machinerv located at a
considerable distance but in the same hangar building.

C. SIZING OF CONTAMINATION MONITOR ( CQMPONENTS NAEC~GSED-105 indicated that
the contamination monitor proposed for the wheeled-cart concept would have
dimensions of 18" by 18" by 43" high including handles, wheels and storage
space for connecting electric cable and hydraulic hoses. By locating a
contamination monitor on the AHT-64 test stand, the electric cable and hydrau-
lic hoses are reduced to a minimum, requiring ecithe:r a very small or no inter-
nal stowage space and the steering handle and wheols ire eliminated. With
these reductions in required volume and by optimum r anging of the comporents,
a package 18" x 18" x 12" deep appears feasible, with th the electrical cable
and hydraulic hoses normally remaining connected to the test stand. Individual
components are examined for size, weight and compatibility in the following
paragraphs.

11
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1. SIGNAL ANALYZER. Of the eight monitors listed in Table I, three appear

to be suitable for possible application to the AHT-64 package. These are:

a. Environment/One Corp.
Signal Conditioner Cat # B-101-00002G2, S/N 00013
Dimensions 6.5" x 8.5" x 11"
Weight 8.5 Lb

b. HIAC Instrument Div., Pacific Scientific Co.
Analog Particle Counter, Model PC-120
Dimensions 6" x 8" x 14"

Weight 20 Lb

¢. Gam Rad, Inc.
Enviro Monitor Fluid Analyzer, Model 260
FA-166 Control Station PN 2575
Dimensions 8" x 8" x 12"
Weight 15 Lb

2. TRANSDUCER OR SENSOR. The pickup sensor or transducer for use in con-
junction with each of the above three models follow. Of these the Gam Rad
Inc., FA-128A Sensor PN 2576 is least desirable because of size and weight,
requiring more volume and weighing nearly as much as its matching electronic
control station., It can, however, be made to fit into a projected monitor
package.

a. Environment/One Corp.
Transducer Cat #D-1012N-007, S/N 130
Dimensions 2.38" x 2.38" x 4.50"
Weight 2.0 Lb

b. HIAC Instrument Div., Pacific Scientific Co.
Sensor Cat CMB-1.0
Dimensions 2" x 2" x 5.8"
Weight 2 Lb

Cam Rad, Inc.

Enviro Monitor Fluid Analyzer, Model 260
FA-128A Sensor PN 2576

Dimensions 11" x 11" x 9"

Weipht 12 Lb (Approx)

7]

3. MOTOR PUMP FOR HYDRAULIC FLUID. Of the three remaining candidate
monitors, the Environment/One Corp. unit requires the greatest flow rate, a
winimum of 3 gpm. The pump unit selected for the monitor package for sizing
purposes will deliver 5.46 gpm at 100 psi and 1,200 rpm. Typical pumps operat-
inz & rhis rang . :an be purchased flange m~unt coupled directly to end cap
of motor. A typical motor for this pump requirement is 1/3 hp, 1,200 rpm and
provides a package within the limiting dimensions of the proposed monitor
package size. If the motor is 28 VDC, frame size would have to be larger to
accommodate the additional copper in windinee hnat the inverter requirement
woild not then need be sized to accommodate the motor load. Motor pump size
projection of 9" x 9" x 18" is predicated on use of Vickers Pump Model No.
V210-~5-1C-12-5214, flange mounted on a motor of NEMA frame size 182 or 184,

14
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Estimated weight of this motor pump unit is 45 pounds. See Appendix A for
reprints of pump and motor data extracted from the Vickers Catalogue.

4. 28 VDC TO 120 VAC INVERTER. Sizing of the inverter required to
operate the monitor package is based on a demand for 115 VAC by three units
in the monitor: the circulator pump motor, the signal analyzer and the trans-
ducer or sensor. In each case of the three candidate monitors the transducer
or sensor is powered through the signal analyzer. The maximum wattage is 150
for Gam Rad's "Enviro Monitors', the minimum 10 watts for Environment/One.
Allowance for the 115 VAC pump motor and the analyzer transducer package of
500 watts total, with a 2-to-1 surge capability for starting the motor, is
planned. For planning purposes a DC-to-AC inverter, Model 1172 heavy-duty
500-watt square-wave inverter, manufactured by Wilmore Electronics Co. Inc.
(see EEM/1980, 81 p. 3495, Vol. 2), is selected with dimensions of 7" x 8-1/2"
x 11" and weighing 32 pounds. A reprint from the EEM catalog is included in
Appendix A.

5. DEBUBBLER. During particulate decontamination of an aircraft hydraulic
oil system, entrained air in the return line is read as particulate matter by
contamination monitors; thus any gasses must be rcmoved before the oil passes
through the transducer or sensor. To accomplish this, a debubbler installed
in the line upstream between the return line and the sensor will vent trapped
gasses. A typical debubbler or deaerator requires a vertical! cylinder approxi-
mately 4 inches in diameter by 14 inches high and weighs approximately 14
pounds (with system full),

D. SIZING AND ARRANGEMENT QF CONTAMINATION MONITOR PACKAGE. An estimated size
for the monitor of 18" x 18" x 12" deep appears reasonable based on the size

of commercially available components. Packaging of these components within
this space is tight; however, by mountirg units on bottom and back only, with
front, sides, and cover removable, access to components will be adequate. All
vertical faces of the container, including the door, will be louvered in order
to dissipate heat buildup from motor, pump, inverter, and debubbler. Figure 2
shows an arrangement whereby the components may be contained in the propesed
package as well as a representation of the monitor package as applied to the
AHT-64 test stand.

E. REMOVAL AND REPLACEMENT CAPABILITY. In order to provide a monitor package
that can be easily removed and replaced on the AHT-64 test stand, .« change kit
needs to be developed for attachment to the tesc stand. A typical! change kit
provides a mount for the monitor package which rests on and is bolted to the
bedplate of the chassis and is bolted to mounting lugs welded to the component
assembly bridge. Figure 3 shows the location for the mounting lugs on the
component assembly bridge and the area for bolting the support to the chassis
bedplate. In order to provide ventilation from the p- . and filter area of the
test stand, the mount employs vertical angles as stand-. ‘s to allow for this
ventilation and also to provide space to bring out lines for electrical and
hydraulic connections. Figure 4 shows a conceptual arrangement of this mounting
method on the AHT-64.

15
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Figure 3.
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MOUNTING LUG WELDED
TO BRIDGE ASSEMBLY
TUBE 68A4-D63

MOUNTING HOLES
FOR VERTICAIL SUPPORT
BRACKETS

Mounting Lugs and Attachment Points to AHT-64 Chassis
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1. ELECTRICAL CONNECTION. The change kit necessarily includes 21 wire
harness to connect the 28 VDC output from battery/alternato. system to a
Cannon plug on the exterior of the stand behind the location of the contami-
nation monitor. A mating connector from the contamination monitor then
connects the monitor to the stand.

2. MONITOR-STAND HYDRAULIC CONNECTION. Hydraulic connections from the
test stand to the monitor include two hydraulic lines tapped from tces in
the hydraulic return line within the test stand (behind the return connec-
tor from the aircraft)to quick disconnects on the stand behind the monitor
package. Short flexible lines extend from the monitor couple to thege
disconnects for the pickup and return flow through the transducer. The return
flow from the monitor transducer is to the downstream tee in the low-pressure
return line.

F. ELECTRICAL INTERCONNECTION WITH TEST STAND

1. 28-VDC POWER SOURCE. Electrical power needed for the contamination
monitor is provided by a line from the positive side of the battery and alterna-
tor as shown on electrical schematic diagram, Figure 1-10 of NAVAIR 17-15BF-66;
the line rums through the ignition switch to a Cannon plug on the back of the
test stand, thence to an "on-off' switch in the monitor package. The monitor
"on-of f" switch is connected to the 28-VDC to 120-VAC inverter and thence to
ground. The 120-VAC 500~watt output from the inverter connects to the pump
motor and signal analyzer. An interconnection from the signal analyzer powers
the transducer or sensor.

2. POWER CABLE. To provide an easy electrical disconnect capability,
a short flexible cable extends from the rear of the monitor package for
connection to the Cannon plug on the test stand. When the monitor package
is removed from its mount on the hydraulic test stand, the connccring elec-
trical cable may be stowed within the package.

G. HYDRAULIC INTERCONNECTION WITH TEST STAND. Interconnection with the tost
stand may be made by incorporating a pickup tee and tube in tube assembly-5

of piping installation Part No. 68A4~J800-1 (Figure 9-4 of NAVATR 17-15BF-h6).
This pickup tube extends to a point behind the mounting area of the monitor

and terminates in a coupling half. The mating half to this coupling connects
with the inlet side of the monitor package pump through appropriate hose,
couplings, fittings and tubing. After passage through the components in the
monitor package, a discharge line passes through appropriate tubing, [ittings,
and hose back to another coupling half on the test stand. The mating coupling
half on the test stand discharges into tube assembiy-6 of Part No. 68A4-J800-1
through appropriate tube and fittings. The inter-on:iccting hoses may be removed
from respective couplings on the test stand and moni:or package and stowed with
the monitor package when the monitor is to be transl. ‘red to another test stand.

H. PHYSICAL ADAPTATION TO STAND STRUCTURE. Previous discussion and evaluation
has established the location on the rear of the test stand as optimum for the
monitor package. Paragraphs II.E.l and II.E.2, when considering removal and
replacement capability from the rear location, refer to mounting the monitor
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package on the tube (68A4-D63-1) ot the bridge assembly (68A4-J614 or 68A5-7610) l
and to the rear panel-assembly top surface (68A4-F31 or 68A4-J607) of the

chassis assembly (68A4-1720 or 68A4-1903). Lugs welded to the tube (68A4-D63-1) ’
will absorb horizonta® forces imposed at the top of monitor mounts, and vertical

faads will he absorbed by the top flange of the rear panel assembly (68A4-F31

or 68A4-1607). A mountiag structure as represented in Figure 4 will be bolted

to the lugs on the bridge assembly tube and to the rear panel assembly. This {
mounting structure is fabricated from structural angles and steel plate. A
cutout in the rear end housing (68A4-F17) will enable the end housing to be
removed without removal of monitor mounts. The cutout portion will be secured
to the monitor mount to maintiain present closure and ventilation. An external
vox shown on some models of the rear panel assembly, presumably added for
stowape of the £i11 system outlet hose, will be removed. Other stowage for
this hose may be readily accomplished. i

. MAINTENANCE CONSIDERATIONS. The foregoing modification and structural
additions to the AHT=64 test staud will not impair any operations of the
stand, and added structaral members for the monitor may be readily removed if
disascembly is required. Mounting lugs welded to the bridge assembly tube
do not interfere with any assembly/disassembly procedures of the stand. Other '
supports are bolted to the chassis. Unions at the connection points to the
hydraulic suction return line tube assemblies will make added piping above
the chassis bedplate removable if required during any major teardown of the
test stand.

e

2. OPERATION AND MAINTENANCYE CHANGES. Maintenance and operations are less
convenient wit! the addition of the monitor package to the stand. The high-
pressure filter will be more difficult to change and attachment of the coup- .
liny end to the suction return connection port will require the operator to
secure same from a squatting position. The present stowage arrangement on
the test stand for pressure outlet and suction return hose is not compromised
by the addition of the monitor package. The hose storage manifold and valve
will be more convenient to nse if rotated 90° with the valve handle extended
1ft rather than down. Provision of bumpers on the aft panel of the chassis
and Tocation of the monitor package will negate vulnerability occasioned by

this valve rotation.

-

3. TEST-STAND PARTS AFFECTED. A listing of test-stand components
rcqufrid£7§;n5¢>EE_HEEEﬁEﬁﬁﬁﬁzvzﬂe in-line monitor and a description of
the ~hange is indicated in Table 11. The part number column lists those
part numbers for Teledyne Models 68A4-J600 and 68A4-J800. Where duplica-
tion items appear in the description column, these are to accommodate the

differences between models.

-
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TABLE II. TEST-STAND PARTS CHANGES FOR MONITOR
TELEDYNE o
DESCRIPTION PART NO. CHANGE TO DRAWING
Bridge Assembly* 68A4-J54 Add welded lug for monitor support
] " + 68A4_J55_‘| 1 " " " " 11
n 1) * 68A4_J6‘l4 n " " n il 1"
Chassis Assembly 68A4-020-9|Show added holes for support brackets
n 1] 68A4'J607 1] h " 1] " i
" " 68A4- 3903-1!Show reqd holes for support structure
Component Assy Bridge 68A4-J613 |Show welded mounting lug on drawing
i [ " 68A4_J902 H H n 1 n n
Component Assy Rear 68A4-F612 |Show cutout, remove reflector and
Housing hose storage
Hyd Test Stand Assy 68A4-J600/ |Modify sheets of assy to show monitor
-J800
Internal Component Assy 68A4-J2 Change view sheets 4, 5 and 6
" " " 68A4-J601 " " " 2,4, 5, 6and 7
" " " 68A4-J901 [Change B/M and view sheets 3, 4, 5 and 6
Piping Installation 68A4-H731 |Add tee in tube 68A4-D404-29 for pickup
" " 68A4-H731 | " " " " 68A4-D571-23 for return
" " 68A4-H913 |Change elbow MS51521820 to tee for pickup
" " 68A4-H913 |Add tee in tube 68A4-C921-1 for return
Rear End Housing 68A4-F17-1|Make cutout for clearing supports, remove
hose storage box 68A4-C16-1, remove right
hand reflector from housing
Rear Housing Assy 68A4-F610 {Change view to show changec on 68A4-F17-1
Rear Panel Assy 68A4-F31-11Add boit hole for mounting bracket on
top flange of -11, add bumper extension
brackets and relocate tie-downs
Right-Hand Side Panel 63A4-F21-1|Add mounting bolt hole to 68A4-608-1
Assy top rear
Wiring Instailation 68A4-D741-1{Add connectino able to monitor switch
" " 68A4_0586 " " n 11 n n

* These 3 assemblies have lug welded to tube, bridge assy 68A4-D63.
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[. EVALUATION OF CANDIDATE MONITORS

. GENERAL. In paragraphs I1.B and 11.C, investigation of the eight
candidate monitors revealed in a data search eliminated all but three models.
Detarls of all eight candidates are listed in Table 1 and reasons for reject-
ing five discussed. The remaining three were considered for their size,
weight and ¢ ompatibility in a proposed monitor package. Of the three can-
didate monitors, the Environment/One Corp. signal conditioner and transducer
were the only units which had been flight certified and had seen service in
the Navy's A-7 aircratt. Also the Environment/One unit is the smallest and
"ightest. Pertinent data of these three candidate monitors appear in Table [II.

2. AUX1LIARY COMPONENTS AND PARAMETERS. Each of the three monitors
require an auxiliary circulator pump, a 28-VDC to 120-VAC inverter, and a
debubbler to extract entrained air from the hydraulic fluid in order to be
adaptable to the AHT-64 test stand.

1. Power requirements for each of these monitors is of relatively
stight sipnificance in light of the fact that the pump motor starting torque
demands an inverter capable of providing an estimated 500 watts at 120 VAC.

b. Contamination monitor package size and weight are very nearly the
came tor each of these three monitors since the motor pump unit, debubbler
and inverter account for approximately 657 of the package volume and approxi-
mately 857 of the weight.

¢. Operating pressure for these monitors in the AHT-64 aircraft
tvturn line environment will always be less than the lowest rated pressure
ot the three monitors.

4,  Shock will not be a critical factor for this application because
the mass of the test stand will effectively attenuate imposed shocks below
critical levels of monitor components. Any revealed sensitivity to shock
may be readily cushioned for such small components as employed in the monitor
package. Vibration as a factor influencing performance of in-line contamina-
tion monitors is discussed in the following paragraphs.

J. VIBRATION SIGNATURE DETERMINATION OF TEST STAND. The vibration sensitivity
pointed out as a deficiency of in-line contamination monitors in report NAEC-
,5ED-10% has been overcome through a two-step process. The first step of the
process {s determination of the vibration signature of the vehicle on which

the contamination monitor will be mounted. The second step is determining

tine capability of candidate monitors to withstand the vibration levels of the
carrying vehicle. The following paragraphs present the findings of the vibration
sivnature investigation of the AHT-64 hydraulic test stand. The AHT-64 was
selected as the vehicle on which to mount an in-line contamination monitor

bee v e, of all the mobile hydraulic test stands, it appears to experience

the highest level of vibration., This high level of vibration is caused pri-
mirily bv the diesel engine drive of its 3,000-psi, 28-gpm, nine-piston

poamp.  Also the AHT-64 is a high inventory test stand.

22
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TABLE II1I. CANDIDATE MONITOR EVALUATION
T T ENVIRONMENT/ONE | T GAM RAD ™
TYPE DATA - SIGNAL CONDITIONER/ HIAC ENVIRO
COMPONENT TRANSDUCER PC 120 .__‘F_>,_MQB}IQBH,_,_
Volume: Analyzer 0.352 Cu Ft 0.390 Cu Ft "0 445 Cu Ft
Sensor 0.015 Cu Ft 0.002 Cu Ft l6.631 Cu Ft
Total 0.367 Cu Ft 0.392 Cu Ft '1.076 Cu Ft
Weight: Analyzer 8.5 Lb 18 Lb 15 Lb (Approx)
Sensor 2.0 Lb 2 Lb 12 Lb (Approx)
Total 10.5 Lb 20 Lb 27 Lb (Approx)
Pressure: Operating [100 Psig 85-3,000 Psi 250 Psi (Approx)
Test 600 Psig - 325 Psi
Operating Temperature:
Analyzer|200° F - 190° F
Sensor |350° F 200° F 190° F
Input Power 117 V 110-240 VAC 117 VAC
47-400 Hz 50-60 Hz 50-60 Hz
10 W 40 W 150 W
Sensor: Shock 15 G - -

Vibration
Analyzer: Shock
Vibration

Particulate Range

Flow-Rate Range

Cost Per Unit

50 G at 2,000 CPS

15 G (on board
model only)

2.2 G at 3,600 CP_

2 + PPM

3-20 Gpm
$3,500

0-100, 0-30C,

0-1K, 0-3K PPM

Uniform flow rate

$10,000 (PC-320)

50 PPt to 50K PPM

0-75 Gpm

$3,150
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1. COMMERCIAL TEST COMPANY SELECTION. A number of commercidal companies
were contdacted to provide monitoring equipment for use by NAVAIRENGCFN
laboratory personnel. Response was extremely varied in cost both for purcnase
and reutal of equipment with lead times extended and costs high. The
NAVAIRENGCEN Test Department Electronic Division and a number of commercial
testing companies were requested to quote ou performing vibration signature
analysis of candidate AHT-64 test stands, This service was provided by:

Vibration Specialty Corporation
100 Geiger Road, Philadelphia, PA 19115

The vibration signature analysis is reprinted in Appendix B.

2. VIBRATION SIGNATURE ANALYS1S. A vibration signature analysis of

two AHT-64 hydraﬁlEc test stands was performed, one at Naval Air Engineering
Center, Lakehurst, and one at Naval Air Station, Willow Grove, PA, (stand 143

and 117 respecrively), to determine existing vibration amplitudes and frequencies.

a. Vibration energy was monitored st seven locations on the test
stand as shown in Figure 5. Signatures were recorded in the horizontal,
vertical, and axial directions under idle (1,000 rpm), full-speed (2,400 rpm),
loaded (3,000 psig), unloaded and transient conditions, Each signature
(see Appendix B) shows vibration amplitude in G acceleration versus frequency
in Hz. The amplitude (vertical scale) is logarithmic with full-scale equal to
1 G or 10 G as indicated. The frequency (horizontal scale) is linear from
zerc rto 2,000 Hz with 4 Hz resolution. Described in the heading are test stand
number, test porsition, total overall vibration level, various instrument
sevtings, and test stand operating conditions.

b. Vibration amplitude response varied by a factor of two or more
between the two test stands due to structural integrity differences, not input
enervy differences. Vibration frequency response was consistent on both test
stands - that is, 360 Hz was the major source and response frequency.

¢. Basically all input energy was measured at positions 6 and 7,
Figure 5. Test position 6, Figure 5, was the hydraulic pump, where loaded
(3,000 psiy) and unloaded (zero gauge) pressure variations were tested.
Measured and recorded were the change in vibration energy levels produced
by the two conditions.

d. Stand 143 showed a considerable increase in vibration (almost
double) with load (see Appendix B, Figures 20 and 41). Stand 117 showed
very little increase (about 10 percent), as seen in Figures 60 and 77 of
Appendix B. The major vibration frequency was 360 Hz, or nine times the
operating speed (2,400 rpm = 40 Hz). It was determined that the pump had nine
nistons working sxially, which explains the high ninth harmonic response in
111 .est positions, predominantly in the axial dirvection,

¢, Test position 7, Figure 5, was the diesel engine on both stands,
rotating at 2,400 rpm, with or without pressure toad on the pump. The
engine vibration levels recorded on each stand were vory similar, and there
were no appreciable changes with pump loading (Appendix B, Fipures 22, 43,
62 and 78). The major frequency source from the diesel was the 40 Hz signal
and the associated harmomics.

24
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. Structnral vibration response was measured and its {requency
Soectrua sigoature recorded at five different tocations on the AHT-64 struc-
ture.  Remember, the maior frequency on all signatures on both test stands
was 3t s,

w. The hiighest amplitude response (2.2 G) on stand 143, was at
position 5, Fivare 5 (Appendix B, Figure 36), which is the underside of
“' buase structure of the stand. A level almost equal to this (2 G) was
vecevded in o the axial direction at positions 1 and 3, Figure 5 (Appendix B,
Ficures 20 and 32).  Positions 2 and 4, Figure 5, showed levels around 1.5 G
(AP NG is By Figures 29 and 35).

h. in comparison, test stand 117 had the highest response (7 G)
1t position 4, Fivure 5 asxial (Appendix B, Figure 73). The next highest
response on stand 117 was 3 to 4 G's (still higher than 143) at positions 2
md 3, Pigare 5 (Appendix B, Figures 67 and 68). Positions 1 and 5, Figure
5, had dfevels around Foto 2 G

i. The only explanation for this drastic difference in response
belween cthese two test stands would be the way the control panel is connected
te the rib structure at those points.  In other words, stand 143 is stiffened
by the ribs being rigidly connected together by the control panel, and stand
i'7 is less rigid by being loose or possibly not connected at all, thereby
allowing this center point to vibrate excessively. Upon examination, bridge-
assembly mounting bolts were found to be loose and several welds on the bridge

cracked.
S ANALYS!S SUMMARY x

4. The excitation energy on each test stand was similar, producing '
i ~imil.r frequency response. However, the amplitude response was different
by a4 facter of two or more. Therefore, the instrument package which is to be
‘ated o the AHT-64 structure must be able to withstand vibration frequencies
gteund 360 Hz.  However, the amount of vibration energy it must withstand is
i in'ﬁﬁzgtinn.
b. 1f we assume that test stand 143 had 'good" structural integrity
‘o needs no further reinforcements, etc,, and we assume that test stand 117
«oi.d be riged and/or reinforced enough to respond similar to 143, then the
vaount o vibration energy which must be withstood by the instrumentation would
he s 5'w if mounted on the rear of the stand below the control panel (positions
, oand 3 on Figpure D).

. VIBRATION TOLERANCE OF MONITORS

. After determination of the vibration signature of the AHT-64 test
« « , a1 uondestructive test-bench setup was devised which would allow candidate
ontamination monitor components to be gradually subjected to increasing ‘
viplitudes at the critical frequency of the AHT-64. This test bench enables
renitors to be tested for their ability to perform satisfactorily in the simula- -

ted vibration environment of the AHT-64%, ¢

2. These tests indicate that an in-line contamination monitor does exist
whi b will operate satisfactorily at the AHT-64 hydraulic test-stand ‘
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vibration signature. Procedures, results and illustrations of this test-bench
setup are included in their entirety in Appendix & Of the three monitors
selected as applicable, two were made available for tests., Of the two which
were tested, one proved satisfactory and the other could not be tested
adequately because it was determined to be inoperable prior te any vibration
excitation. This model, the HIAC PC-120, is no longer manufacturcd and has
been replaced by a Model PC-320 which can be provided with a siznal closure
device for automatic shut-off at a predetemined degree of fluid particulate
decontamination. Vibration sensitivity of PC-320 is unknown.
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I1T. CONCLUSIONS

A. Determination of the vibration signature of the AHT-64 hydraulic test
stand provides amplitnde and frequency data required to complete the hydrau-
lic contamination monitor specification in NAEC-GSED-105, Development of a
Procurement Specification for an In-Line Contamination Monitoring Unit.

B. A commercial in-line contamination monitoring unit has been satisfac-
torily tested for operation at the critical frequency and amplitude of the
AHT-64 hydraulic test stand.

C A contamination wonitor package concept has been developed which is

adaptable to the AHT-64 hydraalic test stand.
D. The modification of AHT-64 test stands to incorporate an in-line contami-

nation monitor is compatible with present operation and maintenance procedures
of the test stand.

28
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IV. RECOMMENDATIONS

A. Development of an in-line contamination monitor package is recommended.
This will include assembly of primary components in a common enclosurc,
mounting on a test stand and operating for an engineering evaluation.

B. It is recommended that concurrent with development of the in-line
contamination monitor a modification kit be developed for adaptition of
the monitor to the AHT-64 hydraulic test stand.

C. The vibration signaturc data contained herein should be added to the

procurement specification NAEC-GSED-105, Development of a Procurement
Specification for an In-Line Contamination Monitoring Unit.

29




(b)Y

NAFC-92-146

V. REFERENCES

NAVAIRENGCEN Technical Report NAEC-GSED-105 of 14 Jun 1977:
Development of a Procurement Specification for an In-Line
Contamination Monitoring Unit, Final Report (Prepared by
J..J. Coyle For NAVAIRENGCEN)

NAVAIRSYSCOM Technical Manual NAVAIR 17-15BF-66 of 1 Nov 1977:
Portable Hydraulic Test Stand, Diesel Engine Driven, Operation
and Maintenance Instructions with 1llustrated Parts Breakdown

(Teledyne Sprague Fngineering)

30

-y

g




APPENDIX A
MANUFACTURERS' DATA FOR CANDIDATE
IN-LINE CONTAMINATION MONITORS

The manufacturers' data is presented in the
following order:

Gam Rad, Inc.........cioiiiiiiiiinn... 32
Environment/One Corp......coovvvvnni... 38
HIAC Division, Pacific Scientific Co..... 48
Leeds & Northrup Co.................o. ... 55
Micro Pure Systems Inc................... 62
Royco Instruments Inc.................... 67
Spectrex Corp........ieiniiiiinnnenenn.. 72
Vickers Inc......oiiii i, 78
Wilmore Electronics Co., Inc............. 80
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Thie parual list of parameters
indicates the many instrument
systems available in the Enviro
Monitor line. |f your particular
requirement is not listed, don't
hesitate to contact the factory
for recommendations.
AMMONIA

CALCIUM

CHLORIDE

CHROMIUM, HEXAVALENT
CONDUCTIVITY

COLOR

DISSOLVED OXYGEN
OISSOLVED SOLIDS

FLOW

HARDNESS

NiTRATE

NITRITE

ORP

ORTHOPHQSPHATE

nH

POTASSIUM

RESIDUAL CHLORINE
SELECTIVE ION

SooIum

SULFIDE

SULFUR DIOXIDE
SUSPENDED SOLIDS
TEMPERATURE

TURBIDITY *

* Meets EPA design criteria.

21978 by Gam Rag. inc.

|
l

introductinn to Enviro Monitors

Sovirg Monitor Aescribes 5 series of water quant o etn ey
that are dwvided ‘nto three major cateqor-2s
Single Paramerer seriag SO0
Multiparametar See Tt
‘Net Chemustey . Seroes G

A single Series 500 and each shar=el |t =2 Sares “LOND E-sirn
Monitor provides the same 10Tai 2acar 1ty T 1258 3Rnarare seres
are available to ‘ultill the need *for single or muitiparameter maoe
toring. The Series 2000 Wet Chemisiry Enviro Monitors 3re 3uvan
able for 3pnlications that require compiex samote Tr2atment Brer
to measurement.

Enviro Monitars coffer single-source capab:ihity ‘or momitarng
all water quality parameters. This Teans "0ta  nstrur-ent "eay re-
ments for measurement and/or control of nfiient efél ent or
process water quality can be satsfied oy a 51092 source Zam Zhq
Inc. Enviro Monitors utihize state of the art 2iegerarmity 2rv: gy an
technology to orovide the pest optimym sustenm

Enviro Monitor Benefits

Sropping around to Mix ard MIten AStrumen’s s e ot
the past. Bv specifying Erviro Momitars you osnefir 30 ways
For excmple, singie source zapabiity 31s0O MRANS 317G @ sCurle e
sponsibility. You no longer nave 0 He ~ares 2 st notTngt
ible instruments.

Further benefits are derveg ‘rom Zontinu:ty N nackagiryg,
glectronics. matenals, Consrr.CLON, pOower recyifameants. “e3acu:
and output stanaardization  "SITUTTION NG senviCe Tanuadis. 30a
most of all by .ntegratea tec: “ical 3ss1s1@aNne N <2w@nirg W T TN
concept, we affar 2ngineerin, specifications ang aDc . 1aror 23t
sheets.

Foar gver ten years 3am Rac 35 manutaciurad nsruments g
meet customers Needs. That senvice s sOurs far TRe sskeng. Yoy
don’t have to settte ‘or off the-spel pstrumen-s ©o ree: special
requirements. Enviro Monitors have deen designeq ©2 sffer custom
instruments at off the-sneif prices.
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GAM RAD IS ...

a diversified, multi-oroduct comnany that
has been producing water quality monitoring
instrumentation for over a decade. With the
expanded ENVIRO MONITOR line, we are ENVIRO MONITOR BENEFITS ...
now prepared to solve all of your water qual-

. O Single source capability also means single
ity monitoring needs.

sourcs responsitility, and that means benefits

Our business is building these instruments, like these:
at competitive prices, to meet the needs of Compatible instruments, physicaily -
our customers. and electronically

Continuity in packaging, electronic
materials and construction

Standardized readouts and cutnuts
Standardized input power requirements
Integrated technical assistance

IF YOU'RE IN NEED OF OUR EXPERTISE IN WATER G ALITY MONITORING,
CONTACT OUR LOCAL REPRESENTATIVE OR F2CTORY PERSONNEL.

represented by

46101 Grand River ‘
Novi, Mi 48050 1

313/348-1005 !

Oeimemrt 2 ' RY BN RENNNOT
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$37 | cAM RAD, INC.

Monitor suspended sohlids (t
these accurate dependable

03 0 >ur ey Monstor ang
ance

urbidity, 1n process streams with
instruments.  Des.gred & meae!

made-n pricess 3poacatior requirements Ultra-pure mater

ZoNtrol Jour Srocess ath 333y

o e —

Control Station

Trae Tontegr 3taton

saraotg Iiitoona Pozan e s-oared 3djacent dr camote uc to 3CC

Model 370-A Fluid Analyzer
1PP8 To 30.0C0 PPM tstal mange

Tha ‘odel 370 1 s Ze: gra2d far 30cncations

zoncentrations Docal svsiam nLorparctes .
jetector arrangement "gr 2<¢ r2ama sen
trom suspencged 30ids ~ith LIMmast osian

" 20usS

T oreg s o0 TG POM cgtal range
FTOT3E 2 singi2 Nt Jeam. 3ingle Ieteclsr J0UCA' Sy3-
scattared ' gnt L.w end Saensitivity .5 50 parts per

-2 "0 me3sure 'ransmiiled 1ght 3oscroance wren
2707 C3NCNS arere ess sensdosity Ing ringe 3 2

Model 150 Fluid Analyzer

L3 PPN o 120,000 PRV, 1505 otar farge

> ‘otar sohids.  Thers 3re 00 .mitatons an
wpe ityle Measure ght scattered at 1307

n
assels BULLETIN T.300

e

-

SroviGes ©e3coul. measun'ng 3nd cantro) Sircuttry
suld.t ngrar fonnections “or each of "me acove

RELSEEIVIVIORN AN Lals]

~a Alger (S S Jarucglary suited "cr neavier ancentraugns — .o o

Jed sohds. ‘ay be .nstalleg n Drccess tres 3f 3Ny size dr N otanks of

1emanc.ng 'he utmgst 3C

acy particuiarty adn 1t 3Zuc2 T3180-3is Sown ‘0 one part per billion

micue 2uldl o hgnt seam Zua

gty Messores 3C° scatterra gnt

cesponse. JULLETIN T 200

tlow -ate decause ot Irspe
23ck-scatteread) ‘rom sus-

Taet 3wy tinagare saner mouated slyle sncwn Tanie op sfyles
153 avrese T22i.r35 30 30nd S1aT2 IirCudlty 30 T3ul sand hetar
YL L0 Tt Juldut NeAg witn ISAtrn aitcres ard :anoration
JaTENTS PENDING
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General Features Typical Uses

1 .
\ monitor and control -
|

The Models 260 and 3710-A are “fliow Do FILTER EFFLUCNTS
o - ! .

thru” instruments rated at 75 GPM with i CENTRIFUGES

less than 2 water pressure drop. 2°%. |

All Fluid Analyzers are rated at 250 PSIG
pressure. Temperature maximums are
140° F for Model 260 anc Model 130 P CLARITY
and 1907 F tor Model 370-A. All may pe
aquipped for up to 450° F service.

samtary fitings are standard and flange | 1 CLARIHERS
fittings are optional. The Mode! 150 has ’ DEMINERALIZERS
no flow hmitation. This is determined by [
| CRUBBERS
the line size into which it1s installed. It I 5 £
also. 1s available with 27" sanitary or L POLISHERS
flanged fitting. g ! THICKENERS
P! MIXERS

1 EMULSIGNS

\

|

|

i X CLOUD AND FOG POINTS
All models feature condensation proof
windows, electronically controlled light {
source and temperature stabilized detec-
tor cells.

PRECIPITATIONS
REACTIONS
SLURRIES

|

i
All wetted components are mace of type |
304 stainiess steei. (n addiuon, the flow l‘ BOILER FEEDWATER
~hambers on the Model 37C-A and 259 | HYDRAULIC OiL
are “Teflon coated. A<lternate matenais

ang zoatings are avallable. o SEER
5 l FRUIT JUICES
All Sensing Stat.ans are suitaple ‘or ~ [ POLYETHLYNE
d007r Ar Jutdoor :nstallations  Zeolosior Lo RAW WATER
oroof nNous.ngs ire avairable ‘er Zur [
aus locations | ( SPENT PICKLED L'C 2R

! ALUMINGM SILICATE
Po-NerFrfaQUlrements are 117 JAC. 2Q 50 - BLATING ELECTROL(TE
HZ. 13C watts max. Outpout 31873l 13 i o
0-100 miilwolts DC-adjustable. Mitam. Co (NOUSTRIAL #ASTIL

1

pere or pneumatic vutputs are availaote. SILICON
Other options and accessories to meet ‘ SUGAR
most process requirements.

i SOLVENTS

GAM RAD, INC.
J’ , 46101 Grand River

* Nowi, 'dichigan 48050
Area Code 313-348-1008

Yoy =y PSP PO
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AN IN-LINE MONITOR WHICH PRCVIDES
REAL TIME DETECTION AND
MEASUREMENT OF METALLIC aND
MON-METALLIC PARTICULATE
CONTAMINATION AND CHEMICAL/
THERMAL DEGRADATION OF
LUBRICATING Q1LS ANC JTHER FLUIDS

-




NARC

4

IRAR

Cat. #C-10128-010

-_— —y —

L N )

1)

In-line. real ime indication of metallic and non-metaltic
particuiate presence and chemical/thermal degradation
n oil or other fluids

Datects ferrous and non-ferrous particulates and
dissolved 'mpurities introduced from within or ‘rom
outside the equipmaent

Provides early warning and trending of equipment
maifunction

Aytomatically and continuously seif-calibrating

Long term, maintenance free, automatic operation
Individuat outputs for particulate presence,
chermucal/thermal degradation and flow rate

-~ \
S

S CATIONS

e ey
20Tz 3

Cat. #0-1012N-007

Operating temperature to 35Q° F
Operating pressura to 100 PSIG*
Pressure drop 5 PSIG at 13 13PM
Fiow rate 3 1o 20 GPM

Shock 15 g's

Vibration 50 q's at 2000 CPS
Size 2.38" x 4.50”

Newgnt 2,0 1bs.

‘Tested to 500 PSIG

i
v}
f
o
O
1
)

Operating temoerature to 200° F
input Power 28 VCC at 0.3 Amps
Qurput 0 to 5 /OC each cnannel
Vibration S g's at 2000 CPS
Shock 15 ¢'s

- Size 5,25 x 7.25" x 3.3"

Weignt 3.0 LBS max
'Omer configurations availabie

AL TTMECITOMER TEST ZELL RENOTEZ

L

Cat.¥8-101-00002G2

Visual output on panel meters,

0 10 53 VOC each channei

tnput power 117V 47 10 400 M2, 10 Watts
Size 5.5 « 8.5 x 11"

‘Wegnt 8.5 L3S
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INTRCDUCTION
Tre Egquioment Songition Montor .5 a “eld et il T DhOto 58nsOr 1S MounTad radially 50 that
Srover n ine ubricaton system MoMTor 1T views the ight Seam 3t 30° o
~nich provides real time ne:pient faliure The Equipment Conaition Vonitor provide the scattering output. The
prediction and degragation rate of oil-wetted System conwists of 3 Transaucer attenuation sensor views the axial
aarts, 2 overheating, excess aeration, mounted in the o1l 'ine ang a Signal component of ransmitteg ight. The
.nagequate flow, seal ‘anures and other Conditioner located either an-poard output of each sensor s a series of
ADNOrmMai angine or equipment conditions. or at 3 remote station. For muit- pulses aiternanng between reference
The Eguipment Condition Momitor's pomt monitoring, if Sonnnual tead-out and signal. These are fed 0 a s.gnal
sarty varming and trending caoabihities is not required, one 3ignai Condruioner conditioner whicr computes the r3tio
can etfect jenuine :conomies tor the can dccommodate several iransgucers of signal to reterence amoiitudes.
. Jser on a ime-snare basis.
During operation the ari or fluid 15
recucing Of ahMiNating expensive monitored by mMeasuring the tight
3amage 0 capital equipment: scattering caused by metailic
oartuiculates ang hight ittenuation - .
g SIGNAL CONDITIONER
4 resuiting from cnemicar thermal
TNz g equioment n ume,
g eav: ow degradation and non-me‘athc o th \
.
particulates. An output corresponding ,n ' e:gna conditioner, outouts
. rom the s ring an a !
2QUCING Maintenance 0 an s ‘0 flow rate is aiso provided. Unique {ne scatienng ang atrenuation
Aeeded’ Dasis, design features which 1ncorporate sensors are transmitted 10 their
internal. stable references make the ‘especuive. variable gain. current
Monitor autamatically and continuousiy ampufiers anicn 5ass.oniy te hgnt
reducing samole fraquency and puises and eiminate the OC comoonent

Naiysis where 5.0.AP. or similar
aracenures are foilowed and

arecicing cesidual Joeranonal
‘re St 3 comoorent,

~Agingon 10 uDrcaticn systems,

me Zau.cmert Cordiion Monitor s

10C' l3gie ‘or Jtrer YiL,.as such s

SHe'S Ty ArdunT I Iroacess tuids 3
Thery 3 Tienglattg svstem

setf-caborating over 3(l svstem
operating conditions,

Oesigned imuaily tor aircraft jas
rurpine operation, “he Equipment
Condition Monitor can witnstand
adverse conditions of (@moerature,
shock and vibration.

CiLlzR

(o1

The Transqucer Jesigned to accammodate
3 broad range of flow rates, ‘s normaily
mMounted Cirectly . (he high dressure
wde of ‘ne main Nl hine. [n "s
iocation the effects of free air .n the

21l are minimized Decause most 3f the
r s cIssOved. A5 the ol passes
tnraugn the Transducer r causes 3
rotor to turn, The rotor containg

luig passages ang aptical references
which are aiternately placed N an
3ptCal system 3s (he rJtor revolves.
The gptical paths utiize sealed fiber
IDUCS 10 Zonduct “he Hight 'Nto and out
3t “he oul ang *n produce 3 hight Heam
oaraiiel 10 the ax:s af the rator. One

due to stray hignt and dark current.
Reference cnannels compare incoming
reference putses with a fixed voicage
reference and orovide conrrol signais

t0 cnange the gain of the current
amptifrers theredy providing a
continuous and automatie self-cahibrating
condition.

The outouts of the flow, scattering

and attenuation channeis orovide from

0 o Svoits dc w1tn 3 current output
capabiiity af 2 mntiamoeres, Thesa
QutDuts can be 3pplied 13 conation
monitoring muitiolexers, A.0 converters.
recorders. Cockpit :ndicators or otner
an-goard 3t “emate monitoring
2quioments.

Two agditional features :nclude a test
mode and a matfunction indication, The
test mode will cause the Signai
Conditioner @0 read out he measured
scattering and attenuations leveis of

the Transducer reterences. This arovides
a cneck of the Monitor circuits as well
3s the read-out 2quipment, The
maifunction indication, which can
activate 3 warning circuit, .§

mitiated Dy COMDANENt dr power “ailure
3¢ 'ow ‘low rate
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AFPLICATIONS

STATICHARY

Oesigned 'nrually tor use as an on-board real time
ndicator of the sot.cat croperties 2 luur caton oils »

. aircraft gas turbines, tne Equipment Condition Manitor

i Svstern can ve similarly used for continuous or periodic,
2n-p00ard > remote monrstoring of stationary gas turbines
semicular turbines, maring turbines, industriai machinery,
jear boxes, fuel systems, ransmissions, processing systems

§ 3nd other 2quipment using circulating Huid svstems,

Gas Turbines *or Power Saneear o
Pipeline Engires ird Tumorasiens
Qtf Shore Ze v o0 A5

Mining Egu.or 200

Stang-By a0 Peane g o

AIRCRAFT

PROCESSES

Military Engines ard Gzar Soxes 21ysping Cucle Maryr 13
Commercial Airines Engines 3 Zilter Svaiuation

Heircooter Gear Soxes and Transmissions Dotiquid Chemicar tAeriror g
3usiness and private Jets Liguig Fooa ort o )

Porr~em Zy31L31 30

-y ALSO FOR GAS TURBINES AND ENGINES i\
PARNIE LOCOMOTIVES

OFF THE ROAD EQUIPMENT

TRUCKS ANC 8USES

(1Y

‘oot lisier Lges o

Singce tne Equicment Tanditor

teChMIQues. f3CTOrS FULT 35 13 DpALIt, erter ot T
feasintiity for specitin 3001C3T ONS SUCT 3% 1ser e
'ubrcating sy stems Or JTRer f2CIorNCatin g Hguamen
Contact 4s wi'h L our 3001ATIRN F2QUIFAMAants 10 *nat ye
can determira fre Zguipment 23.5d.hon AQe.tar 5 iy T3 1

toward The JpCe w3 ) DT TNEs ST SAving svgt2m L
‘ reguIraments,
Naval Turbires and =vdraulic systems ENVIRONMENT .7 CORP
3earing Lube Svstems ol )
Vierchant Marine Equioment 2773 BALLTOWN q_"" -
‘ 2355enger Ship Turbines SCHENECTADY N.¥ 2309
Turoine Fuel Mondtoring 1518) 346-6751

ECM-31IMI—-8/75
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THE IN-LINE OIL MONITOR AND ITS ROLE
IN ENGINE CONDITION MONITORING

George F. Skala®
Environment/One Corporation, Schenectady, N. Y.
Abstract

An Equipment Condition Monitor for the continuous in-flight detection
of abnormal conditions of oil-wetted engine components has been developed.
I'he system employs the principles of light scattering for particulate debris de-
tection and light attenuation for chemical/thermal degradation. Long-term sta-
bility 1s obtained by an automatic and continuous self-calibration feature using
internal references. An output proportional to flow rate also is provided. The
system can withstand the adverse temperature, shock, and vibration ambients
associated with jet aircraft applications. Flight tests on passenger-type, multi-
engine aircraft and on single-engine military aircraft have been conducted. A
beariry failure on an endurance test engine was predicted by abnormal oil con-
dition readings prior to any other indications of failure.

Introduction

Until recently, an on-board real-time condition monitoring system has
heen a conspicuous missing link in airborne engine instrumentation systems. In
addition to its functions of lubricating and cooling, the oil is a messenger carry-
ing information which, if heeded, can help prevent some of the 30 to 35% of
engine failures caused by oil-wetted components. Engine-installed oil monitoring
at present generally is limited to the use of magnetic chip detectors and screens
which are periodically examined for collected debris. In some cases, this is sup-
plemented by the Navy pioneered Spectrometric Oil Analysis Program
{S.0.A.P.). This con be effective as a preventive maintenance tool if all the hu-
man factors from sampling, to analysis, to reporting, to interpreting, and finally
to taking corrective action are carefully controlled.

In recognition of the need for continuous oil monitoring, there have
been several recent developments which utilize a form of trapping device, such
as a magnet or screen, coupled with an arrangement to produce an electrical sig-
nal which is a function of the collected debris. The signal is usually generated by
a change in resistance, capacitance, or magnetic properties produced by the col-
lected material, or by a pressure transducer monitoring the drop across a filter.

*Manager.
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These can provide information only on what they have removed from the oii.
Also, in order to produce an output which can indicate the start of an abnormal
condition, it is necessary to know the rate at which the debris is being collected.
This requires the use of some form of differentiating, or rate of change, circuit
that would be difficult to design for sufficient accuracy on a real time basis.
Finally, all forms of trapping device require regular maintenance in that they
must be periodically cleaned or replaced.

Requirements

For sufficientiy early warning, the oil-monitoring system must have ade-
quate sensitivity and long-term stability to detect a significant departure from a
long-term trend. For most jet engine applications, this minimum detection level
should be no more than the equivalent of about 10 ppm.

To present a true “‘on-condition’ indication, the detection capabilities
should encompass all forms of undesirable oil conditions. These would include
the detection of wear metals from the engine, dirt from outside the engine, and
degradation of the oil. It also would be desirable if the source of contamination
could be identified. However, the qualitative analysis techniques that this en-
tails would, at the present state of the art, require an overly comy!tx aporoach,
or a severe limitation of the kinds of contamination that could be detected. For
example, the use of radioactive isotope tagging would eliminate the detection of
contamination originating from outside the engine. With a universal detector,
once an ‘‘off-condition” situation develops, conventional ground-based analysis,
such as S.0.A P., can be used to identify the contamination. A truly effective
oil-monitoring system also should require little or no maintenance or attention.
Sin. e one of the ultimate objectives of engine condition monitoring is to elimi-
nate unnecessary maintenance, the components of such a system should not
contribute to any requiied maintenance. Other, more obvious requirements are
that it be reliable small, lightweight, and reasonable in cost.

Desig 1 Approach

Because optical sensing is universal, and can be sensitive, this technique
was selected for the oil monitoring system developed by Environme¢nt/One Cor-
poration. Scattered light is used to detect particulates, and the attenuation of a
direct beamn detects dissolved impurities.

Optical methods have been in use for some time as sensitive fluid moni-
tors, one example being the measurement of water turbidity. The instruments
employed for this purpose are relatively large and often fragile, or mechanically
complex, so that a new design concept was developed to meet aircraft require-
ments.

The major considerations in obtaining stability are t« « srrect for the

large temperature coefficients of solid-state photo detectors, and the changes in
illumination due to light source variations and window deposits. An optimum

43 (A-13)
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IN-LINE OIL MONITOR

configuration is to use a single optical path, with means to introduce alternately
the oil and an optical reference. This is done by mounting the optical references
on a rotor which is turned by the flowing oil. In addition to providing the refer-
ence function, this causes the light received by the photo sensors to be chopped,
so that a.c. amplification, which eiiminates effects of stray light and dark cur-
rent, can be employed.

The references are of glass, designed to duplicate the scattering and
attenuation characteristics of partially contaminated oil. Fiber optics are used
to transmit light into and out of the oil and to change its direction by 90°. The
fiber optics are sealed, so that conventional windows are eliminated. Also, be-
cause of the collimating properties of the fiber, lenses are also eliminated.

The light beam is parallel to the axis of the rotor. One photo sensor is
mounted radially so that it views the light beam at 90° to provide the scattering
output. The attenuation sensor measures transmitted light. The output of each
sensor is a series of pulses alternating between reference and signal. These are
fed to a signal conditioner which computes the ratio of signal to reference am-
plitudes. Since the same light source, fiber optics, and sensor are used for the
reference and signal, all variations in these components are canceled out.

The transducer, shown in a cutaway view in Fig. 1, is 2.4 in. wide, 4.5 in.
long, and weighs 2 1b. In addition to scattering and attenuation photo-transistors
a third one is used to generate a gate signal that is used by the signal conditioner
to separate the measuring and reference pulses. Because the photo-transistors’
peak response is in the near infrared region of the spectrum, the effect of normal
oil color variations on the attenuation output is minimized.

The transducer
is normally mounted
SCATTERING SENSOR directly irf the high-
pressure side of the
main lube supply line.
ATTENUATION In this location, the
SENSOR effects of free air in the
. oil usually are elimi-
N1 nated because the air is
- dissolved in the oil. In
e one engine installation,
in which aeration in the
high-pressure line was
N evident in ground tests,
R s \ PLSSABE it disappeared at alti-
M Ve - SCaTTERING & tudes above 18,000 ft
et GE, A where the air separator
was more effective.

JATE SENSOR |

an

LIGHT SOURCE

Fig. 1 Transducer. The signal con-
ditioner can be mounted
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Equipment condition momitaor
scattering output: oil tempera-
ture, 180°F. Flow = 9 GPM.
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th any convement locstior . i
stze s about Do Ty D and il
weighs 2.5 1h 1t or v tes <epa-
rate (- to Dv e o auiputs propor
tional to scattering and attenua-
bon  Also, hecatse the rotor fre.
quency 1< directy related to ol
flow rate, a third output of thow
S 1s provided

The eircutt presents oomal
function indication in the event
of a component falure m the
transducer or signael conditroner
power failure, cable fairlure or
loss of oil flow. There is also a
self-test feature by which the

correct operation of the oil monitor and its associated read-out equipment can
be checked automatically. The signal conditioner circuits also can he supphed
on two circuit boards about 3 1/2 x 7 in. for incorporation in the same enclo-
sure with other condition monitoring circuits.

is the question of its sensitivity to parte e ve dissolved materials

Results

A typical calibration of the scattering channel vs S.O AP s shown in
Fig. 2. This does not imply a unique relationship between scattering and ppm
content because the size and shape of the particles deternine the relative

amounts of optical scattering. Another difficulty in correlating with 5.0 AP

For exonmn

it was necessary to add about 250 ppm of the Arizona Road Dust o obtai o
S5.0.A.P. reading of 16 ppm, although some of this could have been due to et

tling out of the large particles in the test ot loop. Figure 2
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Fig. 3 Equipment condition monitor output;

aircraft A7A No. 2658, NA'TC Patuxent

River, Md., Flight No. 1, Apnil 27, 1971.

2 does ot represent
the maximunt sensitnoty
af which the systen s
vapable, A several-ting s
Ineredse 1 sensitivity s
possible for apphcations
in hvdraulic svstems when
complete arrframe cord;-
tion monitoring hecomes
a reality

Iiure 3 represents
e o oncthe firsy Night
ol 2~ es conducted on
an o areraft at NATC
Patuxen. ver, Md. Tests
were at altitudes from sea
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IN-LINE OlL. MONITOR

" ' level to 35,000 ft, and
e Ay amm at engine speeds from
e . e e v e idle to military rated
'é a0 - s H o ! thrust (MRT)" The data
2 . ‘ show no significant alti-
L, 30 T tude effect but only a
¢ T O R TR S S S A change in flow at differ-
DRI ‘ I O ' ent engine speeds.
‘ | | |
B w0 s 2 2!5 03 4y 5 Data at MRT at
FLIGHT NO. 5000 ft from other
Fig. 4 NADS computer output; equipment condi- flights of this series are
tion monitor, aircraft type A7A No. 2658, shown in Fig. 4. Most
NATC Patuxent River, Md. of the flights were of

2- to 3-hr duration, al-
though some were longer, representing cross-country flights to California. Con-
siderable oil was added, although data on how much and when are not available.
The flight program was continued for a total of 163 flight hours, with no un-
usual readings except when oil foaming was deliberately induced by subjecting
the aircraft to negative g loads. Carrier arrest landings were also part of the test
program. After completion of the flight tests, the oil monitor was removed, and
its calibration checked in a test loop. No shift in calibration was detected.

A similar series of tests is now being conducted in which the oil monitor
is part of a complete engine condition monitoring system (IECM). In this instal-
lation the oil-monitor circuits have been incorporated into the Signal Analyzer
Uit of the IECM system.

Figure 5 represents data on a TF41 endurance test engine. This engine
experienced an LP compressor thrust bearing failure that was accompanied by
high attenuation and scattering readings that occurred prior to other evidences

of malfunction. The
S.O.A.P. analysis
showed an increase in

'03': ! : ' I ; J‘y:;,‘é’;";?;‘.% iron content from 8 to
o ey 29 ppm when the en-
! ‘ I Iy, L gine was shut down.
I Y S [ The engine was repaired,
% T ROBTEA - . \.,‘ m ‘ i and a second endurance
wao ‘! oo A run of 1065 hr was ‘
5o e } Pl completed. Again the
B R f\/. 0”‘_"“*“ oil monitor system was i
' : ; | X [0 e removed and checked !
" 618 0L P4 A B VK M% on a test loop, with no

ENGINF RUN TIME 1S evide.ace of degradation

Fig. 5 BEquipment condition monitor output; or calibration shift.

TF41 endurance test, engine S/N 141050
BU9, Oil MIL-L-7808, May 20, 1971.
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Tao date, an estimated mminen of 5000 hr of engive runogoe o as
been accumulated by Environment/One’s b-monttoring systems. oo for
some problems due to faulty commercial power supplies in early ©wmat o

tioners, there have been no reported failures, malfunctions, or false aarms of
properly installed systems. In addition to the TF41, the engines on which the
monitor has been tested include the TF30, CF6, GE4, F101, oad 157 Evidua:
tion testing on the HLH engines, LM2500, TF39, and others s bemng planned

Conclusions
A field proven on board real-tune oil monitor for use on jet enpnes
either by itself or as part of an over-all engine monitoring system, is now avail-
able. In addition to warning of incipient faiture of otl-wetted comporents othe s
benefits include:
1) Early detection of failure modes, on development engines or compo-
nent test rigs, before complete destruction of the failed components. Thi wili

allow better analysis of the cause of failure.

2) Because of the ability of the monitor to detect excess wr ander fligin
conditions, it can be an aid in the development of air separators.

3) Possible warning of low oil supply by the resultant increase in trap-
ped air.

4) Engine oil changes only when needed, instead of on arbitrary time
schedule.

5) Extension of time hetween overhauls.
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& Anclog fPariicle Counier

For "ontruocus on-siream measure-
Tentof partic’es per second, with

1gh or ‘gw concen!
Foeur pustoutton ianges 0-100,
J-200, 0-1000, anc 0-30090
pirhicles par second.

Typizal applications:
tMonitoring .
Hydrasic systems ciean-up
litra “'»an solvents
Cewonzed witer s pphes
ntravenous hyuds | .
Turbine iubr cating ouls
JP <4 manutasturing

Testng

“ter units sys'ems fone senrsor upstream,
are downslream)
DIICE:'”" oits

H» rashc Liaas

T Hotverss

Sl osants fushostands and test stands

] ‘N‘loq
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) 'Mooc:l‘. Counrey
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ration limat alarm.

Description:

The PC-120 s a single-channel particte
counter with an adjustable particle size
threshold and a continuous analog output
proportional to parlicies-per-second through
the sensor Outputs can be used tor aralog
meler display, strip chart recorder, aulo-
mated data acquisition system, and the
alarm system (panel lamp or remote device)
The automahc alarm circuit signals wnen
pper of fower pre-set concentration :imits
have been exceeded

Input may be from the standarc HIAC "CM*"
sensor powered by the PC-120 (with sensor
as remote as 1 000"} or by other HIAC
counters (PC-305, PC-320 or PC~420). Four
pushbutions on the panel face select paricie
concent:gton range.

The PC-120 s portable and can be half-rack

mounted.

Features:

® Read and piot {with recorder accessory)
particte concentration conlinuously.

® Automalic concentration limi alarm.

e Direct dialing of particie size threshold.

PC-120 Flexibility:

* Connected ‘o the PC-305, PC-320 or
PC-220 (short BNC 10 BNC coaxial cab.e),

1t receves the sigral from ther sensor and

provices anaiog output. Also can be used with

420 "SB" Senes sensor thvough PC-120

sensor cable.

* Can be ‘prime calibrated’ in the field.

Digital count equivalent on strip chant

recorder very close to actual, « flow rate

and elapsed lime are known.

® Selecled interval recording leave PC-120
on; connact strip chart recorder through
ordmary percentage timer,

® Mulliple sensor selector swilches are
available.

® Sensor can be remote to 1 000 Standard

cable 1s & long.

Sersors rated to 3000 psi ang 200°F.

No adjustment required {or varying colors
ol hqunds
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Pocific Scientific Compuny




g0 o

o
P
A 1
SRR ‘
S v 1 ;J“ e _ILJ

4] . Y JOUR SR Uy
vt OIS

SOECIFICATIONS:

za

IR ;
s o gtardard en Al T - ' A

ENC Conrec v gt redr <

Ouiput [t
& Logiog e e Jisplay
e 0 Viisrecerraler o chartretoiter

AS0r At b ey psatan
Tar whe COrogringlion s
fless b pre set linits,

Range. particles per second

ALLITX

PO TE
Aspecigt cate SACT s requirtei for a

eiote aiarm

For slrong ac as of Saushc S0 utiurs spec:al
SACPNIte wincowe 412 Sheeids A'e ava 3Lle
Demonstralion Sr's 38 as303%7°e 41 mmany
HIAC Divic on ntfices

@»? .. . ":7 .

31 : .-
.30 S {
73.1000 {
0- 3000 “
Talibration J - —
Ryton erectto o ) ‘ -
.
= er | ST S e R R .
IRGSAN G 80 T BO HE : ;
. i
- ) co
Y 8 £ ‘4.. ‘

P —

A s

RS RS

D han Pa

o

[HEYY

| Eerncder
T Asabional
| Adqfianal
7Ad‘d’llw¢'\'|a‘ ‘Smnrw"or‘
Adatinnal Sansy
T Argitiona .
T Elates .
A0 Mau

St et Oy

7
3

SR e

Pace- 5

PN ]

T

HIAC

DHVISION

Pacific Scientitic Company

P Q. Box 3007
4719 Wes: Brooks Street Montciawr. Caidorma 91763

Pacific Scientific International

227 Fingvey Road
Lry3don NW 3

-
v —— -




NALC=97- "0

ller 3323
HIAC INSTRUMENTS DIVISION Bulletin 763
PACIFIC SCIENTIFIC
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PC-320 SERIES "CRITERION”
LAB or FACTORY USE

G L TalFNiA el
PACIFIC SCIENTIFIC INTERNATIONAL
RALP STAASTE "3
" SNITZERLAND

"CRITERION"”, MODEL PC 320
PARTICLE COUNTING AND
SIZING ANALYSIS SYSTEM

EXCLUSIVE FEATURES

® Designed to de the nucleus of an integrated
oarticle anaiysis system

® Six full channels may be 2xpanded to nNine or
even twelve channels

® "'‘Direct Dial’’ size thresholds

® F.ll range calibration in avery cranrel

e Six Zigit gisplay with auiltin umer:

=
- N
-— ® Sample may de cefined Dy voiume, 1ime, or
o= e o Sre-set particle count
@ =

- . == "8 ® A solid state construction including cnoto
- c o g’,f N Jetectar

-
o a, - aatl . - .
® 3S3mpies may oe run et or Irv Wit "o

*

2iectraiyte neeced
® Data s avaitabie in print gut farm (f requireq

® Total/Deita operation with the flip of 3

switeh.

Tl AC 321 Teteron zartice nie 3nalyzer Sensors are compact (27 x 27 ¢ 2 ath yitra
5 e chosto3gvatIeC astrurment Of TSty pe inear caiibration Sensors 2an de ‘ocatea as ‘ar
Iv2ranie I Todavs Tar<ar 35 1000 ‘eet ‘rom <re counter f necessarv ‘n

‘Ut ot J0ly Measures I4art Tes Jvo 22 indg ICCITION. MWtipIe ensors wvith 3 1ector switch
20uNts Them N o3s Man, 35 Taete Itt2rent jize san e used. Soec:al sensors for Use with
eyl JUt 20es 3 ufomar eyl sorrosive Quids are 3iso availacie.

T DCLTO G sperytsonern Lt atéicieney ~ aggiuan To these “eatures tne \oges
srooauocts of rorarent praly 12007y ana Lolor 27 320 s suceg to 21ther sample Cottle or
DT Yo TV BN LV RN T P L VR B e R S NS 1o T Lo B anostream 3naiysis. Svery anit s factory can:
N3 A ResAry D tatse e Aty Sty sratec e 2ieCIronic InNC -efererce $tangards
lmarge A Ar.'v'"".«;f PR LE RO B VL | A L o] jre 3y anle
I NCCwIZe rocmgTge o et A 2. om0 3000 micrors zan e

Tme 7 car se a2 z2t tas 5 300 sutdur 1Courateiy Jount2G iNd 5iZ2q with TM2 drooer
MR AN meerteare i tm 2371 _rocSssiog sensor)  C.rounts 3re 2f Moguiar tonstruction tor
P TUT o Taat Ta ARSI TR Talb TETs BPTRR L S YR 235y dfugn -eplacement Iroservice.

I
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HIAC instriments cawegorize particles suspended
‘n a carrier medium held in sample containers or
dowing in ar on-stream syvstem by size and num-
ver They are categonzed in from 7ne to six size
ranges. with an optional capabiiity ot up to twelve
channeis. These ranges are selected by the nper-
atar Partucles are measured accurately regard-
.ess of “helr makeup, size or color charactenstics.
The :instruments count very rapidiy  approxi-
mazety +.000 particles per second' and can ana-
've sarticies per Huid voiume or size distmbution
ilone

[..quid containing the part:cles :0 be measured
1s vassed through a sensor where the particles’

Channel 1 2

—~

- n

‘.-. - .z
o mam
kA VR

—

» - (|

size and number are sensed and « .~ <~ “ye—res—
sent along a cable to the counter R

to be displayed. Each sensor has a v
s1ze measurement ratio of 1:60

from smallest to 'argest particle.

Therefore, a 1 through 60 microm- T e
etre sensor can measure particles from ! to 50
micrometres; a 2.5 through 150 micrometre sen-
sor from 2.5 to 150 micrometres. The :nstrument
operator programs the display channels for any
size distribution within the capability of any one
sensor. For example using a 2.5-150 Sensor the
operator could select the following size distribu-
tion:

3 4

Size 235 -10um 10-25um

e

HLAT nstroments operate on the principle of
APt Soekaze L constant output trom the photo-
soce s mantamned by nassing a hightthrough a
Sassagewd. 1 0 g photodiode. As a particle
idsses L amount of D2ht croportional 0 45 size
s e xed P recomimendeq concentration levels
e el exeeeted 30000 particies second) there

Jace ol Daftiele n every ten mesasuring zone
Soewites sooTnat 2ach oarticie s sizew individu

= .ﬁ % fo Lo
t— & . '

— 35C.. 15CTPE >\_/
— JigPAY 2F -
TENSCA

LA

rctes 35 weing the same. wnereas the HLAC measures

*hem 3s betng {iferent by the ratio of *heir areas The . _
HLAC mefhiod Jives more inormation about the particle ﬁ =
and (s rertaniy o more realistic approacn To measurng k- o

As you <1n see, the microscope Measures il these par- ! @

Ne gctuad size of the particle

b
25-30um  50-100um i00-125um

. — e ATOW
*NOLW — — e

EUNEL T—— - —
r- DT T

arap-

—swtrooze

NS.OE A SENSCR

HILAC measures the maximum area of the par
ticle exposed as it passes through the measuring
zone.

The area i1s equated to spheres in the HLAC
calibration tables for a single dimensional refer-
ence.

£que

~AC
Wicroscooe Measurement

(O O

(o
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The twetem L opaa s e Cottle wmple
1o ne aralvees 0 e sampie coeling
whinder. THe asais s o inttuated b
pusfuny the ~ Ce ot button Filtered
st DulT e 1ato the
Bl SO Canr for s the samipie
ol ot 1 metenng
fs e reszowhen the
N ©ores Ceen anal-
Lo ons - s anoed and azed
*he gsaricies ant e analvsis results
appear at “he test cunclusion on the
astamaiie Larto e o unter dispiay.
Typteal test uime. ne nunute.

PRI TR SRS ORI IR

throcgh tne
fevice whth
e,

Gaoer 1y xtrachesd
The pressure
e tre liguad

ne TEst

RS

[ TTNgs
o T mpanee T epaner s the
v ' L e and

T oL e ea i nac ame,
fe <tthoare LPianed on
‘e

The sperator attacnes the :n-line sys-
cem w1t dow ncroiler by means of
vock wsconnects 1o the equipment to
ne rested. The sresaure (7o the system
forces e rough che sampler at
anprovagiers 5 oo mans OF that 30
enomun. s icected hrough the sensor
weated on tne hack of the sampier).
This 1ow rare < 2d;usted Hy <he »per-
1tor using cne Jow Control adiustment
‘n compnenon with ne Deita P ogage.
The reset Hutton on -he csounter s
oressed nd 1 one-minute analvsig be-
zins. At the conciusion the numbers
are recneried and the quick disconnects
removed.
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\.r -3t Hvdrouues @ baim r mulsions e Par Seed and puore e Rust Nodules auir varer
el Sy wtions e ilupodermic Svninees Vian Ut o feseatohy @ 4 Cae @ Nuaiesr f el
LadAmpaies @ Rurher 3 00y atd b nures 8 Gfatuics @ (ualer 3P4 ® Shcimp d0awn @
Manutscrured Perroieum Productsy o Hadrauiw Powders
Foady e MigoCrreutts Marutuctuning ¢ Misile
Svierems o bouel Svstems o Hudrguue T2t Stands
@ Toucks. Trageors, Hudraghic Systems o Svnthe-
tic bibers @ Nicke:r Plaung Baths e Deiworized .
. B . N Parenterai Suiutions o Fuouds & Beverages e
Warer @ Constrycton Vehicles Hydraulic Systems P
. Muanulactured Silicon Quls
o ©Mugneric Memory Hydraulic Svstems o Pumps
and Vaves o Tarcine Beanines o \irera!” Fagines
o EHI Fiuds ® Freon Floh Sutvents e Jer
v Engine Fuei o NC Machinery Hvdraune Svsiems.
Size Controi OF Montonng D Water and Solvents o Cancer Ceil
Dental P lvmer @ Latex Fumy o Taanim Dt Srudies & Ol-Warer Separation Research o Fulter
e omInt & white wail tires) ® Dye Siatf Test Evaluanion o Curporeal Blood Filter Evalua-
Manuidcturing fon
(1 No electtolyte or special sampie preparation 1) Printout yystem
s 18R I5ATY 9t Calibratan kit
2y Laeht niockagze principte <) Sensar selector swatch
t3) Butit-in Timer 41 Spares Kits

<4 Manual of sutomatic cuntrol. remote or focal.

» I1 Indicator lamps

A1 Tutal solid state construction including photo
jetector.

AN JUIOMItC wWstem Car countng 1nd azing partioes n Tutds vith § memory to

qure 4o D2 oqannaeis 9 nearmanon and G o oanglz o S SIsoisy

A Froam OMB Senes sensons
3 feame MH Seags Semurs

A BN~ 0o base evel Lemsor inmogue
3 Seasar Foroensnr
O ABS  Aurumanc Boarrle Samoler

Lamo Voltage For lamp jdjusiments, r2olicement
Pontout. 3-°V ACD for Printer ot TTL Logie Circuntry
Acuessories 13y Remore Displav

%) Remote snroif

ic; Camouter data acquisition

4} 3imuitaneous Jdisplay

nmo

Direct dwai etectronic “hresnold si1ze idjustment to set each :hannel invwhere
within the size imuts of the wnsor

Factorv prime . anbrated ysing spherwcal standards with salbranon :ntart
pravided.

1-99 seconds

1-99 minutes

DFF 90, (K, [0K, 100K
To indicate hiockage. lamp maifuncions. Jphical density Jhanges.
VAC = 1 3783 HZ, ) Warts

Size. 137W 9 H « 187D
Wetght: 44 lbs,

B
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HIAC INSTRUMENTS DIVISION  7,0,8063007 + 775 aooms 1

Momciair, Calitorma 31783
fm R A
Pacitic Scientfic Comoany Telephone: (714) 521-3965
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* Optional particle-size output (Volume Mean ..
Diameter) o

Tra ety Ti0Ts Mot rosas o ca

Justernen

MOEE I

[T Y T4o RO Lot LOL DA : : '

e Tgttae o~ A AT A Ltm s 4 o

T ST ata woyitac el o v g

AT - i €0 3l 5 R -SRI R K

Ce e =




—
b
NARC-92-146
CPERATION et 1s used (o adyust for 'rue mass j0acing Rouline scaer-
2ton Consists of checking the ze/c aith c'ean water
A Ge T osiream ! Te moritreg 5 passead Mrelugn an J3uda/ INC2 3 ay) ANT ieamng TR 3302 T aun
T1egT3 330 12 AN T 3 TNaned Dy 3 1T L0 e polnger 2eovided LSud 'y INCe 3 aeanr et I 2an
3%e 30urCe IusDencec 33035 more siream scaler NG aNa zero agjusiment are Both 3cCCMENSHRS alrout
3 j
3R as Mmey DAss TrTuGR e e tre sTantarel gnt 3 antry AlS the nstrument 3nd 'ake niy a ‘ew mirytes 2
Tloecled Oy 3 @ns wrhiIn 'ISUSes re 3rt N 3 prnpras cocempasn
*ary SOMCumass™ ichca. titer Tre tontiza hiter passes Comparea 1o other monitonng tecnnigues 2 SSM
3 lelected 5or In Xtire gt wriln s nen focused Sy otters sigmiticant advantages ncruding
NGhet 2ns Art) 3 onat ct
INOINET NS IS 3 FrCIoCetecior & Direct Measurament 31 JGiuMElNC ICACENntraton sr
n@ 3R1RCaved Iy Tre Jetecisr .S 0rocen.enal o ne mass ©ading atar 3 single SNe-peint - anranar
N 4T LME Or patic es r e o d stream The nsirument o Linear Qyramic resoonse. .ngependent of samce
] ] L t tcams:
2G10MANCal'y SOrress o e arenaten St ine aser Jue SAzean ‘hye SUSDENGan.301dS *arGs
'0gnlszaras ~g ang verma Jes e suipul 31gra e tne ; ' o g
~ggert ~ransn, Tnese 2.LI0Tal T 10rfRCUINS Dermut # True continuous araicg of M2 jravimelr: Meinod
. - . 5 ore
€ading 3 .@ near /Ciume 3sperse  Acecendent ot aveIging the INCensistant “2'aLoNsMos Setween tur
‘GPT ACSOrCNCN Oy 1N NSt Quid oidity and suspenaed sonGs
" hatng Jceraucn 3 2xtremary impla A zerQ ag- # No routine canoration JNly an jccasicnar 2erc

LSiMent 3 Tade ar 11230 a2i8r U wng ttrough the cneck required
ta Tme samgie 3irear § mer jatited 'gothe rsirg- ® Concnal sulbul signar taprasernng averige zant:

TeAL NP IIRNNUOLS.y ™2350725 T2 3MCun! I .S 3ize tan ce oroviged cnen Lsefur n irecw.ny Ser-
Jenaces sehid formance 3t Jontroi or Process ecu pment

< InNe-me 3ingie-00rt 234Cr3Cn L3 TG Jrav Tetng ® Autyratc tompensaton ‘or sariatigns N o transTs-
3313 'aken HnN 3 orocess samoie ram ne nstryment ol sicr Lnatfected oy <oicr of 1@wig

TURSBIDITY AND SUSPENDED SOLIDS Prigr 13 e Nroguchion S 3 ‘rue SuSDenced-3oncs
mCMtae Curoigemeaters were 2meigyed 0 MOy 3uS-
sengeg 33nas scmetimes avicg scaies Makes
2375 22 TMcn e reignensnip cetween turTicily ars
TR 3u30eNCac TS 3 Inmisient My C o Zarc.2-3.22
2500 Tuunn Ing NIsl Ju3 T Cr are Iorsiartang b
: 237 223 3r8 Cw ©oI2NC3ANraran (cmcaras t e

<38 2w

Those twc TEASLTETAN 172 aidely Lsed 1 walar 3rns
NASIR-WAlR DITCASIRS T UIT 3y 302323 T e s3ud
~oe Arg Zepenis Loor me 17Iss

§ "R lIrlacTanen 123z

3,332

-

¢
.
o)
@

3
o
®
IS
"
(€]

23 3r2 2310 it
2T L4388 irS 172 5.
In Zataean mam snouiC ICH Té 3T Trac

Pagenivi G suscenzed o
’

< ‘
Tl 3r@ Thaaguramants alt I e

"URBIDIMETE R

/ IR0V IESPONSE
SRAVINETRIC

FILIER RESPONSE

/
/

IRAVIMETRIC METHOO

==

-0

Th 5 ngura LSIr31eS TR raSSCASA N 3 LD Tty - CamTie-3r83) THI§ LGure s LSITAES me | TI3rry Ste uzrorrae SSM st e
AGLILMBRY G ISASIIT L@t 30D .30 3018 JarT 2 5.l 21 resosnsa o te JrRvimerr s tarmns 43 3 ragu ve
yAia I reran ~ 348 n 5 caspry 8502788 5 INIrad 5 73I2-COIN 13r DrALTA PRSE TLIVAS A0 T D8 3.0 T3 luar
LReiRar et 0 TimBerar L3S T3CH->12008r DrwAre-3iaiter ¥ 3 375 stagour (20 Tnerens

57 ,.arer teonezmates

56 (A-26)




SANELL . Lo e N

AMPLL T

SPECIFICA T s
Concentrati:d a3, - R

Pariteta.soge 3o e

Zanqt oty

Agouray

Precisian

Amoient Tampe- 3t (2 4ange

Sampia Tempe-ature “ange ey

Typical Flow Rate . = . = - .-

Jutpbut 31gnais

Wy e e o
i PR

Controis

A T . B

Indicators

Power Requiremants
Enciosure

RS
Pl -

Leeds & Northrup




NAFC-92-146

Typical Plumbing Connections for Microtrac SSM

UTLRN wASTE o ALTURM wASTE €
S A Min -5 GAL Wi j .
|
1
E: 2PTIONAL E:] TCRAL ;
[_ RECORDER = =~ atccroer
SUSPENDED SOLIOS MOMITOR SUSPENDED SOLIDS MOMITOR
— X -- oo ——- :
MR VENT ;'j
; SENTRIFUGAL | JEBUBUNG
N ZLEAN WATER SUPPt Y 3UBBLE - F9EE SAMPLE i OEBUBBLER SYSTEM
APPROX 40 PSIG) 10-30 P16
THREL WAY l f
ALV
: cgluscznc H ';’9: R
CHAMBER l '71 H
LN WATER Ul "
o SAMPLE .
nomeutlec.os mg litee ,,,.6‘{’2&,',;?@ 257308516 O_J !
TMREE - wAY
CALYE
.
Worm Zec,ceony S,52m
Mgl ivacagie
7991 MICROTRAC Particle-Size Analyzer . 7981 MICROTRAC Particle-Size Monitor
I Carc.e-3iZe anaivsis nthe aporalery s Degigneq 1Cr In-in€ -23i-ume IfoCc2SS MoMmIenrg
. 13N8C F3F 2137 3AG 3uality-I3Nn) A0 analysis and zontrol
® S LA ATR S Ml 3.L0TRS Ard 2y SowdRrs Lsoengec ® Avauanie N "wo stangard IInhiguringns wel siurty o
T valer W™ IZTOra 3D, 3 TRasLte I SCwCers ry SCwaer
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o Famge-sizerang: 303 0T 32 300 mtans 2§5.1G 2'2CIIMECS 35 ViC Ol aC Anaiyzer Sius
[ $.527 3@ 2 ara CrTCessing — Iroare 33T0ie-I50m. 2MAg sysieam
A ng e tCNING TR3ML72S — Digiar 3 3na1SQ Suiduls Wit 9Cal 21Gdr 2iS0idy
— “l-irarret MSiogram SLtout L3 t1agrar Ligran — R.,ggac NEMA "2 nausinal 2ncigsure
' — niesnal securty svysiem 3 sermil camole  Lrate
-- Joerator rgepe~tart =sersitive 10 ;amoie Ion- :engec soeraton
1gnIranen or sens .t ‘acisoy anoratad » 2rgvides same Jata ouipul ‘IfMs as the 7281 Mics-
~ Summarv 3ata 30 .22 Sistroution and surace rac Anaityzer  Jigtal 3f 3analcg) 2lus any 'vree
area customer-scec:fied percent-cassing cmanne's 2naicg
— “aceal 2ragses 2vory 3 13 300 seconss “ew cufrent autcuts or grinter Toticnal
samc.e var, 2 minut2s s _saple Jn-ine N Jrecess momtonng  3r crtare A
a3k c5e 3303 Sreep 14 70072 “Quling anaiysis

Ask ‘or Data Sheets 14 7°22-TR arg 24 71256.73

Juesnons 20out IC0hRarces snowd Je Zcecteg 2
me AIvarceg 3usiness Saverzoment Zedarrment
2805 4 Norreud Jomeany oot Nares J4 3454
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SAMPLE N NOICATING METER ON-OFF SWITCH

ZERQ-ACIUST CONTRGL

, S CMPUMASK
TAMPLE ST SAMPLE YT LASER LIGHT SOURCE SILTER DETECTOR ASSEMBLY

Figure 3: [Interior of Suspended Solids
Monitar
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. LEEDS & I\{[?RTHRUP COMPANY TicrerscaBiad s iors Saes Saean, e 0 o

MICROTRAC Suspended Solids Monitor - Abbreviated Price List
7382 .

Sales “ork Sheet

| Load Range
r_d__1 1. 0-250 ppm £3880 (-10) Delivery 8 weeks
2. 0-2000 ppm $3380 (-20) Delivery 8 weeks
i Sample Cell Materials
. 1. B8rass/Conper Standard (-10)
[::::1*2. Stainless Steel $300 (-20) Add 1 week
| Hindow Materials
L, 1. Cotical Crown Glass (0° -€0°C) Standard (-10;
‘ ‘2, Fused Silica (Hi Temperature) (0° - 120°C) $370 (-20Y Add 2 weuiy
} *3.  Sapphire (Hi Abrasion) 5240 (-20) Add 2 ases s
é Sample Conditioning WE?T C {-00) -
*1. De-ubbler Std Mtl 3450 (-10)SS 5750 (-11)
[_l+2. Exvernal Sample Pump_ Cast Iron[ | 3250 ss [ $1150
*3, Llabtoratory Sample Cenditioner $3950 (-40) Add 2 weeks
| Size “easurement None[j (-00)
| 1*1. tean Yolume Dizmeter. 0-10Y, 0-100mY Cutput [ | 3680 (-10)
’ Disolay
—-, 1. Anaiog Meter Standard (-10)
*Z. Dizital Meter $i80 (-20)
! *2. Remgte Maters (Analog or Digital] See fatalag
; Femote Quiouts o
——*1. on-isolated analog current and .:l:age (intermal} 220 =2, 1.5% | 1 752
{ *2, Isolated Analog Currert (separate pactaae) See Cat. [[] 137 107 7ade 2 un
- 3. Recorder outouts N-10Y, 4-100 mv [ Stancars (-09)
’ Permote Alarms
- 1. Pemote Yindow Service Indicator Qutput Standard (-00)
[::::J*Z. Alarms, Indicators and Controls, See Cataloaq
Controls
1. Remote *lznual Zero Adjust Inout Standard (-00)
__J*Z. Remote Ranqge Selection $55 (-10)
*3. Automatic Zero Adjust. See Catalog ‘
Line Connection 1
—*!. 6-foot Line Cord and Plug 120v, 60Hz [ ] $15 (-66) \
C 2 Conduit Entry, 120V, 60Hz g] Stendard  220-50 7] 120-30 (] 22C-30 (T ,
(-1 (-26; (-15) (-25) !
Ycuntina Prgvisions

1. Hall Mount Standard (-10)
[::::]'2. Sench "ount $S100 (-20) Add 2 weeks
*3. ficor Stand $100 (-30) Add 2 weeks
[:%::] Mounting
Spares..[jﬂone (-00) Recommended Spares (See Catalog).
* Availatie at acditionel cost. See Catalog fcr other cptions. Prices as of ‘
Nec. 1, 1978 are subject to change without notice. '

TELEPHCNE 215 643-2000 « TAB_Z ACCRESS _ZF0SY 2=
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MICRO PURE SYSTEMS INC.
Monitoring Contaminants

in Closed Systems
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The Versatile System
Jue g ne nature St ultrascnics ang
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The Operating Principle

The micro-contaminant momtor
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< @s and Duobkies in 3 flowing higuia.
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‘zom the MCM-1100 an.2 converts them
nto Acoustic waves These waves are
‘nCusec 3ng passedg into ihe Howing
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4iC witireflect scund back o the trans-
Jucer anere the s50und s reconverted
2 an erectrcal signal This signal s
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) : | . ‘ stretMeo P,

L ) ! ’ ! ‘ |
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The MCM-11C0 amgfies ang con-
verts the return signai .nto 4 seres 3f
aigital mpulses vhich are pracessen
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The Puiser-Receiver Modules The People Behind the Technology
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A Breakthrough in Technology.

Micro Pure Systems. Inc introduces a new era
in the monuor:ng of micro-contaminants in fluids
The empioyment of new :echnmques N ‘ocused
uitrasound has led (o the development ot a
patented systam for the in process delection of
particles and bubbies teicw 1 micron :n diame-
ter Discr mination between microsonds and
microbubbles s achievable down to 50 microns.

This innovatve technology 1s the culmination
of years cf researcn oy an outstanding team of
engineers. priysiCIsts ana physicians at Brown
University and Rhode Isiand Hospital. The
MCM-11C0. featured here. evolved through an
efforttc monmitor gaseous and particulate contam-
inants .n the heart-ung bypass circurt Lihized in
open heart surgery.

The combination of the research and de-
velooment endeavars of the scientists at Micro
Pure with our high quality of manutacturing. nas
resuited in products of igh .ntegrity. As aresult of
its adaptability and capacity. *he range of apph-
cations 1s substantai. The MCM-1100 s the most
rananle. accurate and versatiie micre-contami-
rant mcnitor available teday

Micro Pure is interacting with numerous
Fortune 300 companies and s actively engaged
N reSPONnQING IS the'r quanty control needs
Micre Pure s 3cope of activity and ded:cation
" your guanty control funcuons wiil assure ine
success of your efforss 1o maximize produc!
2hagc ity
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VS 7oAl CATABILITY IN PARTICLE COUNTING
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¥, "RAL PURPOSE ACCESSORIES COMPATIBLE
ATH ALL ROYCO INSTRUMENTATION

The accessory equipment described on this page is compatibie with Royco’s full
tamily of particle counting and sizing instrumentation for both gas and liquid

analysis.

MODEL 107 Alarm Module

Analog Alarm Module for audibie signal and meter reading indication that Q‘
a pre-set particie count level has been exceeded. Reset and aucible cut- i

off controls are provided. Operates on 115/230 VAC at 50/60 Hz. 6V

inches (16.5 cm) Hx 81nches (20.3 cm) W x 11 inches (27.9 cm) D. Weighs

9 1bs. (4.1 kg).

MODEL 145 Instrument Cart

The Model 145 instrument cart 's designed to provide a movable muiti-
tevel mounting for Royco particie counting systems. The umt is fur-
mshed with § AC convenignce outlets and full width storage drawer.

MODEL 129 and 129C Digital Printers
Rovco's Modei 129 digital printers are medium speed, paraliel entry
units that scan and print out data stored in muiti-channel memones.
Operation uses rehable inked ribbon and standard paper. Optional
clock {Model 129C) time dates printed data.

SPECIFICATIONS —-Model 129 and 129C Digital Printers
Printing Speed: 2.5 hines per second; 9 characters per line.

Print Format: 8421 8CO format.

Power: 115/230 VAC at 50/60 Hz.
Dimensions:

136.8 cm) D.
Weight: 20 pounds (9.1 kg)

GENERAL INFORMATION
Terms of Sale and Shipment

Royco particie counting instruments
and systems are priced F O.8 Menlo
Park. Califorma. All prices are subiect
to change without notice. Terms are Net
30 days.

Leasing Agreements

Leases with option to purchase are
avaliable 10 meet the specihc require-
ments ot each user You arg invited to
contact our Menio Park Headquarters
for tull details.

Warranty

All Royco products are warranted
against defects in matenals and work-
manship. This warranty apphes for 1
year from date ot delwery or in the
case of certain major components
hsted in the cperating manual, for the
specified period We will repair or
replace products which prove to be
defective during the warranty period
provided they are returned to Royco.
No other warranty s expressed of :m-
phied Royco 15 not liable for conse-
quenlia) gamages.

Maintenance and Service

Royco recognizas its responsibility to
provide each user with the technical
suppor required to assure the full eco-

Sy inches (14.0 cm) Hx 7% inches (19.1 cm) W x 143 inches

nomic lite of each Royco product. Roy-
co service centers provide repaiwr and
repfacement service (o users of Royco
equipment both during and after the
new equipment warranty period. Each
service center maintains a fulty trained
staff and an inventory of tested replace-
ment parts.

Repair 1abor and parts are charged at
the current catalog rates then in atiect
for all out-of-warranty service pefr-
formed at a Royco service center. Field
service for on-site repairs will be
charged at the current catalog rates
in effect for ail out-of-warranty repair
fabor and parts. All travel, meals and
todging will be charged at cost for both
in-warranty and out-of-warranty service.

Preventive Maintenance and
Calibration Service and Contracts
Routine preventivea maintanance and
calibration will greatly extend the use-
ful out-of-warranty instrument life. This
service 1S available on a "demand"”
basis or under service contracts. For
detaited information, comact your local
Royco Sales office.
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FIELD ENGINEERING OFFICES
AND SERVICE CENTERS
ROYCO U.S.A.

Boston
Telephone 617/891-5320

Chicago
Telepnone : 312:428-7734

Los Angeles
Telephone . 213,257-5340

San Francisco
Telephone = 415/325-7811
Tatex. 34-3323

ROYCO INTERNATIQONAL

Gelman Hawksley. Lid.

1Z Peter Road

Lancing Sussex, BN '53TN E-grand
Telephone  2815-6

Telex 37134

Royco Instruments. Inc.

Dennis Has!oo. European Marketing Mgr
8 Camonidge Rd.

Brighton. Sussex BA3-iIOF Englard
Teiephone . 774238

Telex: 87323 HASLOP

Royco Instruments. Inc,

Uwsa Jessen. European Saies Manager
Hertigstrasse S

7250 Leonberg-2. W Gerrany
Teiephone . 07152,47375

Beckman (nstruments. Lapso Division
P O Box 3100
“ullertan, Cahfornia 92634 U 3 A.

andoh industnes Lid
¢ '3 Higashi-Minemach:
Ohta-Ku, Tokyo, apan
Telephone . 4C4/8781-5
Telex  0242-3320

- 4 SUBSIDIARY 0t wTCHL WC

NS AU NTS N

141 Jetierson Drive
Menio Park. Calilormia U S A 9425
Te'aphone 415,325-7811 . Terex 34-3323
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PROTOTRON
PARTICLE

COUNTER ', .. _

5 MODEL IL] 1000

R §

el

;t

o Provides automatic digital readout after a scan of 10 cc
in approximately 15 seconds .

e Detects the number of particles above a manunlly set
threshold between 1 and 100 um

e Can be used to count particles in liquids flowing through
transparent pipes

APPLICATIONS

Quality control of hydraulic fluids & oils

Particle count of air filters

Monitoring continuous tlow operations through glass pipe
Inspection of pharmaceutical solutions

Water quality testing for semiconductor industry

Quality control for bottled beverages

.... and many other applications.

¢ @ » ¢ o o

L .

Reads my bottle. with a 20 to«200 mm inside dismeter’ ~
o Uses scannmg laser beam with all sohd state electronics

The standard Prototron Particle Counter includes both
rszovﬁul- iHumination. for visual identification of-large
-y Fuig,

particuiates, and' ¥ seanning laser basm for dotemon oé
- small particuiate matter. K

The 31 pound, compact unit {12 X 24" X 18") housa
the. laser tube, scanner and photo detection electronics. A
front pane! knob allows setting of a particle size threshoid
limit between 1 and 100 um. Particle counting and
ilumination are controlied by front panel pushbuttons. A
** simplified schematic of the insrument is shown in Figure 1.
The laser beam focuses inside the bottle in 3 2 cm long
“’sensitive zone” as shown in Figure 2.

The secondary lens picks up scattered light {in the
annulus around the target) from all particles in the path of
the scanning laser beam. However, the photo detection
electronics only registers those particies in the “sensitive
zone’, which are larger than the size specified by the
threshold setting. Usually, dust particles on the bottle wall
do not affect the count, as long as the wall is not in the
sensitive zone. However, optical discontinuities should be

avoided.

Secondery
Lo
Priem
fL b [ Frem
)
! t
. N H fo— Beam Souner
hennd H ! 470 Boam Sirengin
—eely ~onor
Trigahoud”
sarhng St o
Ontacior N
 ount ang f— 3,
:w-\ Tiostronce ~ canner
—
|
— d
; | f ™ A
f Loser Tude <
onow i — A — o
R &

Fig. 1 Schamatic nf Particie Counter
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Fig. 2: Laser Beem Optics
* .

Ongce the count button is uushed. the revolving laser beam
scans a 1oty volume of 10 ccin 15 seeonds, and the digital
fesdout dispteys the. avarage number of pacticies. with sizes
above the threshoid limit in one cc of liquid.

By taking sequential measurements, qualitative size dis-
tibution data can be developad, of the threshold. seiector

carr be tocked to provide statistical quality control data at
one setring. T

uy }a

.

MAINTENANCE

The Prototron Particte Counter is fully covered by a one
vear warranty and the laser 'ife 1s rated ot 10,000 nrs. The
w~arranty inciudes replacement of the illumination lamp and
the ‘aser tube. Other than such normal replacement, the
St yrtyally mantenance free.

QOFERATICN

The speration 3t the Prototron Particie Counter consists
of three steps 1. Lentiy agitate the sampie of bottied
Hgwid 10 produce a wiform suspension, (2) Place pottie in
the V' notch and rotate to a point where the laser beam
enters and 'eaves unoDstructed, (3} Press the “Count”
putton. Within 15 saconds. the total particie count per cc 1t
displayed on the cigital reagout.

In addition, by pressing the {lluminate” button, a light
tabie may e used to visually detect particies larger than 40
microns. The light tabie goes off when the “Count” bytton
is pressed.

SAFETY

The faser us=y i e Tronate o D e
3t one mMuliwatl 3 dveo ey ey
PAMAary ens  Virtudil. i gper e .
sorbed Dy tne target The Ewent A R LT
has recommends<t that e S, el e

and OSHA accept asers = armeryas 5 S rnnwatls o

.

less, for retativery uiiress 'l siaga, Traeraet ‘ne

totron Particla Tourcar s Mo AT PR 5 e A saiec
reguiatons

SPECIFICATIONS
Size. .. ... RS e gn T
e wide . 247 e 3B e
Weight . . . L3 ounes (1406
Power . . . TUH Ltts Bl van e cn

tieg. ta D30 vonls SO v a0 pe

- " oialeordar) ’ s
" Display ... ... ... -3 digity
~
Outputs . . .. ... .. . Connestions provises: “om ruter
v nal aaery grenter et iloscope
or pulse negnt anaiy zer
Bottle Size . ... .. .. .20710 20C mm insiae 1oneta

Bottie Material Te3nsparent, scrainr frae as g

plastie
Read-Qut Voiume

Touomic centimetar

Detectable Parucie 3ize. . o mnanshe g

1o T L

LUt g

Wds ity T TR
ORDERING INFCRIRMATION

The Prototrnn Parsicle Courter may De 5oder o) 1o
from Spectrex Soipcoration it Mdy 1isg e gasert with
an option to buy plan' T2 rrrange 1 ease o

1415) 365-6567 Quantity I5Cou S ar2 avEneDe
more information, write or cait Specirex Curporation

. “' ABER RACIA IO
\ \:"\v £ 70 MOT STAAL MTO BEast
. 7{," N v e casan
| i CLASK L agr PO

3594 HAVEN AVENUE, REDWOOD CITY, CALIFORNIA 34063
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SPECTREX

et 3564 HAVEN AVENUE. REDWOOD CITY, CALIFORNIA 94083, (418) 3688-68067

CCRPORATION

PRICE

QUOTATION

LASER

PARTICLE

COUNTER and__..i

ACCESSORIES ™™

wd

ITEM OQUAN-
NO. TITY &
1 . ILI 1000 Particle Counter (110V) '
including: (1) carrying case; "
(2} 3 bottles; calibrated check .
suspensions (3) neutral density &
filter. o S
2 1 Particle Profile Attachment
Model 3. (Microprocessor with
"mass distribution” and "settling
scan” modes.) . 67008 $5500.00
3 1 Opacity Meter. 67012 $ 350.00
-~ R
x“', - S ey P ' ‘
F.O.B. REDWOOD CITY, CALIFORNIA - % 1
THIS QUOTATION IS VALID FOR 60 DAYS , 3
¥1/72 jmh/amk I
o
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Several standard classification systems have been estahlished for hydraulic fluide based upor

their particulate content. A typical one recommended by SAE is NAS 1638 which spec fuwes . o
concentration limits for particles ranging in diameter from 5 micrometers to aver 104 mic
The Prototron ILI-1000 provides a quick method of establishing the class nwnber of an unks

e

First a 200 ml sample of the unknom i ‘. placed in a 230 ml beaker and stirred to establish 1 un.
pexticuiate dlstribm The sen '"‘rv allowcd to remain quiet for apprommately 20:3econds v
egrats buishlfe cate ngﬁ .;ﬁ m\éad upom, the T§I - Ki00~dnd' five readings are taken, re-
setting the instrument threshold 1 ‘Petween each reading., These readings would for exampte
give the number oi pu'tlc.les permilliuﬁer ‘greater than 100 micrometers, the number greate: Lhan
ﬁ" the namber eater ; ber gxeater thas 15- and the number greater than S, By
a’tstng $é seeo ong, e I , the’ numhex ot particles’ it the range bet.ween S0 and
100 cax be determimd "In a.sﬁnﬂar fashmn each of the other 3pecified size ranges can be deictr el

LY

These values are then compéred with the maximum limits keeping in mind that many Hmits are wiven
on the basis cf 100 i xllulners. »

For very clean fluids an ave:rawed series of readings at each level can be used to increase e
statistical significance of the determinations. This is possible because the test 1s non -desor

This represents a mgniﬁcant advantage over other available automatic parmck R ing -

{f the fluid is very dirty it may contain more than 1000 particles greater than | mic e @ oo
mitililiter. This should be checked and if it is the case the sample should be diluted witn & o~ i
filiered clean solvent and the measured particle concentration correcte.? - this diluti-m rati

Keeping the count less than 1000 will prevent excessive co-incidence counting from Jdestroving e
accuracy of the determination.

An example of a test of MIL-H-5606 hydraulic fvic ‘hich has been added 0.5 ing/liter ot A
FINE test dust) follows:
Size Threshold Reading Differential Class 8 Max Limits
‘ part/ml part/m!
5 2.7
: 227-35 = 192 640
15 w0 35
- : 35-11.5 = 23.5 114
25 11.5*
' 11.5-2.4 = 9,1 20
50 2.4* <
. 2,4-0.5=19 3.6
100 050 =
T 0.5-0.0:0.5 0.6

* These readings are average of 10 counts to increase the statistical significance.

Because the differential values are all less than the Class 8 Max Limits we can conclude mat tus
test fluid corresponds to Class 8§ of NAS 1638.

— g - —
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SPECTREX

COoOmMPANY

3594 HAVEN AVENUE, REDWOOD CITY, CALIFORNIA 94083, (41%8) 3685-6567
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. COMPARISON’ OF THE SPECTR EX "PR OTOTRON" TO OTHER
PARTICLE COUNTERS _

The Coulter Counter is designed to count blood cells and does an exceilent job
for this specialized application. It works on the prmcxple that blood cells do
not conduct electricity but blood plasma does. A diluted sample flows through
an msulating ormce, and the electrical rps 1stamce of the hqmd column withm

range lunitatfon X

examined. The flow cell sull limits the ﬂew rate but net as severely as. dbos the :
Coulter criffce. The largest disadvantage of these optu:a.L particile counters is

that the flow cells requu:e windows dnd’ these Wmdows become dirty with use., o
Dirt on the windows»effécts the accuracy of the, cahbra.tion and usually: forces. the ‘
user to frequently clean the cell and re- -calibrate. the instrument.. The- rapxdly
moving liquid in the cell generates pressure waves whxch usually limit the smallest
detectable parncle to 2 microns, PRI oY T U

A

ot

The Prototron also uses optical light scattermg but its method is unique in that the

liquid is moving very slowly and therefore contains no pressure waves. The laser

beam is moving rapidly to produce the necessary scanning. This accounts for the

greater sensitivity of the ILI-1000 and permits measurement of particles as smaill

as one micron. The time required for a single determination of these small par-

ticles is substantially faster than with any other counting method. The other

unique feature of this instrument {s the optical system which keeps the sample

container walls out-of-focus and, therefore, counts only the particles suspended in ’

the liquid. This feature penmts the measurement of particulates in sealed containers.
N 4 \, = s .

When ﬂow cells are used a ﬂow measurmg system is also reqtured and the' coun L

accuracy is limited by accuracy of this flow measuring system. The ILI- 1000 electron-

fically times the scan period and, therefore, avoids inaccuracies in flow measurement

asgociated with all other automatic particle counters. B

9/24/74 amk
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SOLUD-STATE POWER COMVERSION EQUIPRGENT

STANDARD CUSTOM INDUSTRIAL MILITARY

e p—
——

DC-TO-AC INVERTERS UPS/STANDBY POWER

MODEL 1057 300-WATT INVERTER

Economcally priced and ideally suited ‘or h electronic such as oscilloscopes.
chart recorders and video tape recorders, the frequency stable 300 VA Model 1057 invertar is an inexpensive
aiternative to sine wave power The swiiching-mode wave-shaping technique vields a three-ievel step wave-
shape which has apprommately the same peak to-rms voitage ratio as 3 ifue sine wave. The Model 1057
inverters are grutected aganst overloads, shart circurts and reversed poianty of dc nput line. Versions for
nput voitages of 12 Vdc, 24 Vdc, 32 Vdc and 36 Vdc are standard. Quiputs of 115 Yac'60 Hr or 230
Vaci50 Hz are aisa standard Aft models are approximately 80% afficient from one-halt 1o full load and have a
frequency stability of = 0.25%. The Modet 1057 is packaged far portable or stationacy use, with a con
venient carrying handle. All versions are 8% tugh 1 11" wide ¥ 8% deep and weigh 25 pounds. Units are
shipped from stock. Singie mcce drice for all versions 18 $374 00 each. Resale. BEM. and quaniity discounts
are avalable. Aequest bulleun 3091C.

MODEL 1172 HEAVY-DUTY INVERTER

The Model 1172 1s an inexpensive, rugged. 500-watt square-wave inverter designed 10 power heavy duty
ioads. This inverter will provide a 2-to- 1 surgs. aporoximately 1000 watts, for high-incush loads such 2 small
power 100ls, refngerator compressors and incandescent lights. The Model 1172 is a modular inverter and two
units may be easily paralieled 1n the fieid for added continuous and surge power. Versions for input voltages of
12 Vdc 24 vde and 22 /dc are standard Qutput voitages of 115 Vae or 230 Vac and 50 Hz or 60 Hz are
aise standard. All versions are more than BO% efficient for mast of thewr output load range. The frequency
stabity 1s + 2 Mz and the output voltage is propartionsi 10 the input voitags. AN Model 1172 inverters are
7" tgh x 8% wide 1 11" deep and wergh 32 pounds. The singia prece price of ail versions 1s $335.00 each.
Resale. QEM. and quantity discounts are avarlable. Umts ars normaily shipped from stock. Request bulletin
1011A.

Wimore Electronics manufactures othar nver.ars in the 15-watt 1o 500 watt uower ranga. Other square-
wave-outpul inveriers are available, and for those loads that are extreme- waveshape and frequeacy
sensitive, reguiated stepped-wave ot sing-wave snverters are aiso available. Pleass contact our sales depen:
ment for mformatian. :

MODEL 1172

MODEL 1252 AUTOMATIC STANDBY AC POWER SUPPLY

Sencus problems may result when commercial ac power is unexpectedly nterrupted to sensitive loads, such
as pownt of sale t s. ¢ alon systams of ] Such mterup are g
more commonplace and many people are expioning pont-of use uminterruplible power suppites like the Wilmore
Model 1252 to xeep ther systems aperaling. When commercial ac powsr fails, this standby ac power source
cantinues 1o supply needed powsr 1o your '0ad by swiching 10 nverter operation. Upon restoration of ac
powet 'he Model 1252 aytomaticailv returns 1o normai hee gperation, and tne internal battery charger re-
=harges the hatieries Two basic vertions are avadable, one prowiding a three-level- stepped wave appronms:
tien 10 & nne-wave output and 257 wa'ts o power. and the other suppiying 500 watts of squarewave
Jewet Standacd dattery ingut voltages ars 12 Vdc and 24 Vde. All unns are 5%~ gh x 177 wide 1 14
Seep and weigh 45 pounds hey an be ~aralled in 2 standard 18" rack or they may s1and aione. The Model
1252 svstem consists of inverter. battery caarger and switchover:protection circuitry. The battery is not
nc'uded The user nas the Hexbiily to size and specity a battery to fit s parucular system and desired
hacw up tme Single piece price 1s $575 00 each Resale, 0EM. and quantity discounts 3re avadable, The
Modes ' 257 1 normaily shigped from stock. Request bulletin 6021 MODEL 1252

NEW INVERTER AND UPS PRODUCTS

With models ranging in power rating trom 50 VA to 1 KVA, the Series 1400 nvasters considerably brosden
Wiimore s dc to-ac product ne. To be introduced in mid- 1980, these conservativeiy-designed wverters
Frequency Stable reprasent rugged, rehable cost-effective solutions 10 3 wide varety of needs for frequency-stable sc power.
Augged hut Lighiweight Thatr improved output wavesiape, surge-handhng capability. and adiity to handle 2 wide range of load power

tactors ensures compatibihty with most '0ads. even thoss normaily considered to be “troublesome tor sokd-
Highty EFfrcient 180% Typicail

n
and Low No Load Power staie inverters.

Consumption “ancurtently with the intraduction of the Series 1400 nverters. Wilmore s mtroducing the Senes 1401 Un-
ntareuptibie Pawer Supplies. As with the Secies 1400 wvertars. on wiueh tws UPS hiom 13 based. models

e 50 VA0 1 KVA
#hgh Surge Capabiity

.

within the Series 1401 range i power rating from 50 VA 10 ) XVA
. Normaity sold without a bartary. Senes 1401 modeis teatyra a seil-con.
_‘, mﬂ_‘e ELECTRONICS CO.. INC. tamed battery charger ‘requency siable inverter and lne-10-nverter
m PO Box 1329 Milsborough. N.C 27278 U.S.A. BRI
Telephons 319) 732 9351

esm/ 1980 For Waaetacturery Suiee Ottices rater 1 MANUPACTURERS AND SALES OFFICES DIRECTORY 3495

20 (A-950)
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APPENDIX B

VIBRATION SIGNATURE ANALYSIS OF
AHT-64 HYDRAULIC TEST STAND

NOTE: The 19 figures presented
in this appendix were ex-
tracted from a total of
78 charts. These are dis-
cussed in the analysis.

81 (B-1 of B-rs)
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VISPC()  viBRATION SPECIALTY CORPORATION
106 Gerger Roaa  Philguelphia Pa 19115
215) <93 0800 '
larch 30 1979
> LRSS I '
- 4o
WS
TN D
L PO ’
R SUopar nasee Grder C-26024, nur engineer
oL . ceel D arsT ant Wililow Grove Naval Air Stations
e o T Dr purpnse wus to perform a
ST s s s sttt 4 T-09 hydraulic test stands
h - C . et et ides and frejuencies. '
ves oo re i gt seven locations on the rest ‘
.ooser vagram. Signatures were recorded
' nif axial directions under idle
o ROER Looaded (3000 psig) . unloaded
N osiznature (see Figure A ) shows 1
e ler gt pan versus cequency in hertz.
: oariyrhmic with full scale equal
) Toee croquency (horizontal scale) 1s
vity 17 rerglution.  Described 1n tne
Ce coost o noacttion, total overall vibration
RSN a1 test o stand operating

o - et

Tesr
and
wnd

che

ot e v nse cared by oa tacror of two or more

Ve Tt ostanus et strvctural integrity differences,
cergy Dyt rerences Vibration frequency response was con-
Dt Test o stands - that o 1s. 350 hertz was the major

P S00nse Preqipency

Basterally all 1nput energy was measured at positions 6 and 7.
rsition 8 was che hydraulic pump, where loaded (3000 psig)
anloaded (zero gauge) pressure variatinns were tested. ‘leasured
recorded were the change In vibratina energy level, nroduced by
two conditions.

Stand #1443 showed considerable incre=ase 1n vibration (alnost

dout i) with load (see Figures 20 and 41). Stand =117 showed very

82 (B-2)
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Mr. Edwin Roberts
Sanders & Thomas March 30, 1979

Page Two

little increase (about 10 percent), as seen in figures &7 ang 77
The major vibration frequency was 360 hertz, or nine times tihe
opera:ing speed (2400 RPM = 40 hz). It was determined that rie
pump had nine pistons working axially, which explains the high

i ninth harmonic response in all test positinns, preadominantly

i the axial direction.

Test position seven was the diesel engine on both stanids.
rotating at 2400 RPM, with or without pressure load on the pump.
The engine vibration levels recorded on each stand were very sim-
1lar, and there were no appreciable changes with pump loading
(Figures 22, 43, 62 and 78). The major frequency source from tine
diesel was the 40 hz signal and the associated harmonics.

Structural vibration response was measured and its freqency
spectrum signature recorded at five different locations on the
AHT-64 structure. Remember, the major frequency on all signatures
n"n both test stands was 360 hertz.

The highest amplitude response (2.2g) on stand YNo. 143, was
a- position 5 (Figure 36) which is the underside of the base striuctar.
of the stand. A level almost equal to this (2g) was recorded in
the axial direction at positions 1 and 3 (figures 26 and 232)
Positions 2 and 4 showed levels around 1.3g (Fizures 29 and 5.

In comparison, test stand No. 117 had the highest response 7.3)

2t position 4 axial (Figure 73). The next highest resncnse Hp

stand No. 117 w53 3 to 4 g's (still higher than No. 143) at pusitions
2 and 3 (Figures 67 and 68). Positions 1 and 3 had levels ar und

l o 2 g's.

The only explanation for this drastic Jdifference in response
between these two test stands would be the way the control panel .,
connected to the rib structure at those points. In other wordas,
stand No. 143 is stiffened by the ribs being rigidly connected
together by the control panel and stand No. 117 is less rigid by
being loose or possibly not connected at all, thereby allowing
this center point to vibrate excessively.

CONCLUSION

The excitation energy on each test stand wa- similar, pro-
ducing a similar frequency response. However, :he amplitude response
was different by a factor of two or more. Therefo e, the instrument
package which is to be mounted on the AHT-64 struc . 're must be able t
withstand vibration frequencies around 360 hertz. However, the
amount of vibration energy it must withstand is still in question.

If we assume that test stand No. 143 had "good’ structural inte-
grity and needs no further reinforcements, etc.. and we assume that
test stand No. 117 could be fixed and/or reinforced enough to respond
similar to No. 143, then the amount of vibration energy which

83 (B-3)
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e Thres
st e withstood by the instrumentation would be 2 g's if mounted

on the front of the stand below the control panel (positions 1,2 and !
3)

RECOMMENDATION

v Assumptions were made 1n the last paragraph which we recommend
Be «liminated through further testing. inspecrions, and modifications.
The future tests would not have to be as detailed in terms of
frejaency response. oniy amplitude response. Amplitude can be
measured and recorded more easily than the previous tests using a
+ransducer and an overall vibration meter capabie of displaying at
i-ast two Of the three engineering parameters - acceleration,

e ocirty, and displacement.

[

I would extimate Uour to six test stands could be monitored

1o oae day, obtaining the orthogonal amplitude responses at the
sdMe seven locations on the stand operating in the pressure loaded
naLrrion. It would be advisable to inspect the test stands closely

tor loose bolrs, cracked welds or structural members. This can be
wone with the same vibration meter with a strobe light attachment.
[ d.:ferences were found through this inspection, I would suggest

rrective neasures be pertormed if possible. In this way we would
o oascur=d of similar structural integrity between test stands.

PPy

Mur charges tor the engineering testing and analysis would be
2300 per day of on-site services. There would be no additional

rarge Cor oanalvsis completed in cur engineering center. Travel
cad oer sien expenses anearred during the test program are also
tiv crded 1n o the ab v proice.

Wer taunk vou 19r the opportunity to provide our service. If

1 oadve any questions, please do not hesitate to contact us.
Very truly yours,
W
>
\DAZ / v

WILLIAM D. KEELEY,
WOk Tm Field Service Ma er
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APPENDIX C
VIBRATION RESPONSE AND PERFORMANCE

OF MONITORS AT VIBRATION SIGNATURE
LEVELS OF THE AHT-64 TEST STAND
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VIBRATION SPECIALTY CORPORATION

100 GEIGER ROAD PHILADELPHIA PA 19115 - (215 698 (0000, (/00 4,7 1hRR

August 27, 198y

Mr. Edwin Roberts

Sanders & Thomas

P.O. Box 50

Lakehurst, New Jersey 08733
Dear Mr. Roberts:

Enclosed is the report of the test conducted un the
two 0il monitoring systems as furnished by vou. We would
at any time appreciate the opportunity to serve vou again.
If you have any questions, please call.

Very truly yousc,

Tgorn D Dehraor ams

EUGENE J. SC:HRAMM
Manager of Enaineering
and Technical Servines

EJS/mf

Enclosure
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The test was conducted in two phases; the first being
the Environment One concept and the second being HIAC
Pacific Scientific concept.

A. TEST SET UP

The initial test setup is as shown in Picture No. 1
It contained an oil reservoir of approximately three gallons
and a motor pump combination capable of delivering up to
10.3 gallons per minute at approximately 20 psi and 3.3 gallons
at 100 psi. The piping system was set up with a bypass
so that all or any portion of the fluid could be returned
directly to the reservoir. Through this method we were
able to flow from 1 1/2 gallons per minute up to the
maximum of 11 gallons per minute by adjusting the control
valve in this line. Two pressure gauges were inserted in
the line to monitor the pressure and see if there was a
substantial pressure drop through the sensing device. The
vibration was imparted to the test article by an electro-
magnetic shaker system mounted under a resonant beam that
was tuned to 360 HZ. The control accelerometer was used
to verify the vibration level and controlled to read 2.2 g's

+ 5 percent.

During the initial attempts to calibrate and check out
the Environment One concept, problems were encountered with
air trappea in the system so that adequate flow and pressure
could not be obtained. The reservoir and plumbing were
altered slightly by increasing the volume of the reservoir
and installing a stand pipe to bleed off any entrapped air.
At the same time, the flex hoses were changed from a con-
voluted type to a smooth interior wall. This enabled us

to obtain any flow or pressure combination we desired.

108 (c-3)
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B. _TEST PROCEDURE

The following sequence was established for both
systems. Due to problems with the HIAC concept, 1t

was necessary to deviate from this procedure. The

procedure used on the Environment One unit was as

follows:

1) with the unit installed and hooked up for fluid
flow, .

2) the sensor was positioned on the resonant beam
and the controller on the nearby table. 0il was
punped through the system and the meters monitored
for response. Approximately 10 minutes were spent
at this configuration.

3) Still in the same position, the shaker was activated
to impart vibration only to the sensor. The meter
was monitored for any changes. Approximately five
minutes wer> spent in this mode.

4) The controller was now positioned on the resonant
beam and fastened to (he beam.

5) The shaker was again activated and the meter
monitored for any change. At all times, the force
input was controlled to 2.2 g's. Approximately 10

minutes were spent in this mode.

The procedure for the HIAC was to be the same, but
throughout any attempt which included vibrating the sensor,
we were unable to obtain any indication that the unit was
working. The light on the front of the panel labeled
check sensor showed no malfunction as ¢ 1 the alarm. As
a last resort, a large gquantity of AFD was added to the
fluid and pumped through the system for some time. Again,
no reading of any kind could be seen. As a precaution,

the cable was checked to make sure that it was intact.

109 (C~-4)




NAEC-92-146

C. RESULTS

The results can best be illustrated by Pictures 3
and 4. Throughout any attempt to cause a deviation,
the fluid flow test, the vibration test, the loosening
and jingling of the sensor, rotating the sensor through
90° and 1800, the readings remained rock steady. The
flow meter performed as designed. We reduced the flow
to 1.6 gallons and it read 8 percent of full scale.

We increased the flow to full flow and it read 52 per-
cent of full scale, or 10.4 gallons. We repeated each
condition several times, with it repeating the reading

constantly.
Although no attempt was made to rotate the controller,
you could pick it up by the handle and move it in any

direction; up/down, back forth, with no effect.

The HIAC tests were discontinued at the direction

of Mr. Roberts, since no data could be obtained.

D. CONCLUSIONS

The Environment One unit performed as its specifi-
cations delineated and was not effected in any way by the
360 HZ at 2.2q.

The HIAC unit was judged to be unsatisfactory since

it would not function at all.
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